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What should experts say to inform public health decision making when the available scientific evidence is 
uncertain? In this dissertation, I focus on this question through the lens of electronic cigarettes (e-
cigarettes), a topic of ongoing conversations in public health around risk reduction despite uncertain long-
term health effects. This dissertation measures two kinds of messages about scientific uncertainty in 
public dialogue: 1) conflict messages, which present contradictory conclusions from experts and 
emphasize disagreement, and 2) limited evidence messages, those presenting uncertainty in terms of 
what scientists are still investigating without emphasizing disagreement. Study 1 demonstrates the 
prevalence of these distinct uncertainty messages in a population of newspaper articles about e-
cigarettes (N=376 articles from 2017 through mid-2018). The results of this content analysis compose 
the stimuli of the subsequent experimental study (Study 2, N=457 current and former smokers, 4 
condition mixed design). Results demonstrates these two kinds of uncertainty messages produce 
divergent perceptions of experts as hypothesized: conflict increases perceptions of expert disagreement, 
and limited evidence increases perceptions of expert uncertainty. Based on this validation, a final 
experimental study was undertaken to examine the hypothesis that exposure to high levels of 
disagreement about e-cigarettes will spillover to decrease intentions to perform recommended healthy 
behaviors—a so-called “spillover” hypothesized in the previous literature. Study 3 focused on N=765 
current and former smokers in 5 conditions: 2 (perceived disagreement: high or low) x 2 (perceived 
uncertainty: high or low) + 1 (no message). Results do not reveal spillover towards more distantly related 
recommended health behaviors (e.g., exercise, nutrition). Results do support backlash effects after 
exposure to conflict, including decreased intentions to try e-cigarettes for smoking cessation (among 
current smokers). Conclusions from this series of studies merit further investigation of the messages 
available to experts communicating about scientific uncertainty, especially preceding public health crisis. 
Results of this work support further inquiry evaluating the cumulative impact of exposure to conflict 
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ABSTRACT 
COVERING SCIENTIFIC UNCERTAINTY IN ONGOING RESEARCH 
Natalie Herbert 
Joseph N. Cappella 
What should experts say to inform public health decision making when the 
available scientific evidence is uncertain? In this dissertation, I focus on this question 
through the lens of electronic cigarettes (e-cigarettes), a topic of ongoing conversations 
in public health around risk reduction despite uncertain long-term health effects. This 
dissertation measures two kinds of messages about scientific uncertainty in public 
dialogue: 1) conflict messages, which present contradictory conclusions from experts and 
emphasize disagreement, and 2) limited evidence messages, those presenting uncertainty 
in terms of what scientists are still investigating without emphasizing disagreement. Study 
1 demonstrates the prevalence of these distinct uncertainty messages in a population of 
newspaper articles about e-cigarettes (N=376 articles from 2017 through mid-2018). The 
results of this content analysis compose the stimuli of the subsequent experimental study 
(Study 2, N=457 current and former smokers, 4 condition mixed design). Results 
demonstrates these two kinds of uncertainty messages produce divergent perceptions of 
experts as hypothesized: conflict increases perceptions of expert disagreement, and 
limited evidence increases perceptions of expert uncertainty. Based on this validation, a 
final experimental study was undertaken to examine the hypothesis that exposure to high 
levels of disagreement about e-cigarettes will spillover to decrease intentions to perform 
recommended healthy behaviors—a so-called “spillover” hypothesized in the previous 
vi
literature. Study 3 focused on N=765 current and former smokers in 5 conditions: 2 
(perceived disagreement: high or low) x 2 (perceived uncertainty: high or low) + 1 (no 
message). Results do not reveal spillover towards more distantly related recommended 
health behaviors (e.g., exercise, nutrition). Results do support backlash effects after 
exposure to conflict, including decreased intentions to try e-cigarettes for smoking 
cessation (among current smokers). Conclusions from this series of studies merit further 
investigation of the messages available to experts communicating about scientific 
uncertainty, especially preceding public health crisis. Results of this work support further 
inquiry evaluating the cumulative impact of exposure to conflict messages over time, 
particularly as these cumulative effects may diverge from other ways of presenting 
scientific uncertainty.
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PREFACE 
To write about scientific uncertainty in 2020, some may say, is inviting chaos into 
one’s life. What with the more existential topics of scientific uncertainty (“how soon will 
it be before climate change kills us all?”) and the more immediate topics of scientific 
uncertainty (“wait…will COVID-19 kill us all first?”), thinking deeply everyday about 
what science does and does not know—and what decisions people might make given this 
uncertainty—may foster frustration and panic. In finishing this dissertation, that feeling 
of frustration was sometimes exacerbated by not having collected data regarding those 
top-of-mind topics. 
Instead, the data gathered here regards communicating scientific uncertainty about 
electronic cigarettes—a topic that, unlike those listed above, may not appear as existential 
or immediate. And yet, for the tens of millions of adult smokers in the United States (and 
the one billion smokers worldwide), any way of stopping this leading preventable cause 
of death could not be more existential or more immediate. Whether e-cigarettes are 
demonstrated to be a conclusive boon or threat to public health in time, these studies 
intervene in the present (2018-2019) while meditating on that other, esoteric concern top-
of-mind for 2020 and, likely, the foreseeable future: what can experts say when science 
has no good answer yet?   
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Chapter 1 – Uncertainty in Emerging Science Issues 
Introduction 
Empirical evidence is the gold standard for effective policymaking and program 
evaluation in public health (Brownson et al., 2009), education (Slavin, 2002), species 
protections (Ricketts et al., 2005), economic development (Hermes & Lensink, 2007), 
and more. Bench and social scientists play a critical role in identifying causes of societal 
harms and evaluating possible outcomes to guide policy interventions. For example, 
public health researchers provided conclusive evidence of the health harms of 
secondhand tobacco smoke (United States Office of the Surgeon General, 1986), despite 
years of organized repudiation by the tobacco industry (Oreskes & Conway, 2010). This 
research informed clean indoor air laws designed to curb exposure to secondhand smoke 
(United States Environmental Protection Agency, 1992), well before the regulation of 
tobacco by the U.S. Food and Drug Administration (FDA). Researchers are uniquely 
equipped to appraise and communicate the strength of available evidence, with 
conclusive evidence from years of high-quality research informing scientific consensus—
that is, agreement among experts about a causal relationship. 
Yet accumulating conclusive evidence requires time, leaving some emerging 
science issues to grapple with a dearth of evidence. Available evidence, perhaps from 
observational research, can be limited without the ability to definitively rule out bias, 
chance, or confounding—that is, with limited evidence, experts and policymakers grapple 
with uncertainty. Waiting for additional evidence before changing policy or enacting 
regulation can be inequitable, as the burden of risks and harms cannot be ethically 
relegated to vulnerable populations (Irwin et al., 2006), often prompting policymaking by 
2 
the so-called “precautionary principle” to minimize future risk despite present uncertainty 
(Sunstein, 2005). Effectively communicating uncertainty in ongoing scientific research 
then becomes paramount for public action (Zehr, 2017). Experts must elucidate where 
policymakers can act with conclusive evidence and expound where new evidence is 
needed to resolve lingering uncertainty. 
Throughout this work, I focus on communicating emerging science issues to the 
public. I define emerging science issues as topics of research for which novelty prompts 
questions about both scientific and, often, moral uncertainty. Untangling these two kinds 
of uncertainty prompts a compelling set of questions for science communicators. Much 
previous work in this area has focused on the moral uncertainty of emerging science 
issues emphasized a disconnect between what science knows and what society at large 
perceives as the appropriate applications of that knowledge, including genetically 
modified organisms, CRISPR and germline editing, and geoengineering. In this work, I 
focus instead on the questions of genuine scientific uncertainty in emerging science 
issues, where a lack of evidence from scientists precedes and interacts with moral 
uncertainty. 
The present set of studies focus on electronic cigarettes (e-cigarettes), an 
emerging science issue without conclusive evidence for many long-term health effects. 
The question remains pressing for experts: what can you say to the public and 
policymakers when you cannot make conclusive recommendations? In the face of 
unanswered questions about e-cigarettes, some researchers have publicized opposing 
interpretations of evidence regarding harm minimization and e-cigarettes’ potential for 
cessation (Abrams et al., 2018; Kalkhoran & Glantz, 2016; Villanti et al., 2017; Warner, 
3 
2018) and the risk of initiation and nicotine addiction, particularly among those not 
otherwise susceptible to combustible cigarettes (Dutra & Glantz, 2014). Credible 
scientific health organizations have publicly stated conflicting recommendations about e-
cigarettes for smoking cessation among other associated harms or benefits. For example, 
while the American Cancer Society has acknowledged that e-cigarettes may help smokers 
quit but that more evidence is needed (American Cancer Society Board of Directors, 
2018), the American Lung Association does not support e-cigarettes for smoking 
cessation (American Lung Association, 2019). 
In this dissertation, I hypothesize that there may be two modes of presenting 
scientific uncertainty around emerging science issues that can produce distinct effects in 
audiences. In the first mode, uncertainty stems from the quality and quantity of available 
evidence, and experts agree in what limited conclusions they can grant from that 
evidence. Such limited evidence messages mirror language used by experts to 
communicate the evidentiary bases of claims. Alternatively, in the second mode, 
uncertainty stems from ambiguity presented as debate among experts, with experts 
providing conflicting evaluations of available evidence. Such conflict messages mirror 
the state of mixed findings in research while echoing tensions about harm reduction in the 
public health community. These two ways of presenting the same underlying uncertainty 
about e-cigarettes are distinct both in the language they use, as I demonstrate in Chapter 
2, and, as I demonstrate Chapters 3, 4, and 5, in the effects they produce. 
E-cigarettes as an Emerging Science Issue
When seeking evidence on which to base policy for public health, United States 
(U.S.) governmental agencies often turn to external experts at the U.S. National 
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Academies of Sciences, Engineering, and Medicine (NASEM). NASEM is the U.S.’s 
premiere merit-based scientific academy that, at the request of governmental agencies or 
private philanthropy, can organize volunteer committees of field-specific scientific 
experts to investigate questions and publish their evidence-based, nonpartisan findings in 
so-called consensus study reports.  
In January 2018, at the request of the U.S. Food and Drug Administration (FDA), 
NASEM issued their consensus study report, “Public Health Consequences of E-
cigarettes” (National Academies of Sciences, Engineering, and Medicine, 2018). In this 
report, the volunteer expert committee was tasked with evaluating the available evidence 
on e-cigarettes and their possibly positive or deleterious role for public health. To do this, 
the committee decided early in the process to designate a robust standard of evidentiary 
quality by which they could describe what evidence was available and, therefore, how 
certain their claims could be for supporting public health policymaking. At one end of the 
spectrum are claims with conclusive evidence, with many supportive findings from high-
quality research designs. On the other end of the spectrum are claims with no available 
evidence. In ongoing research, the space between these endpoints is more common, 
including claims with limited evidence, where concerns about bias, chance, and 
confounding produce uncertainty. The NASEM committee reported eight claims with 
conclusive evidence, including, “completely substituting e-cigarettes for combustible 
tobacco cigarettes reduces users’ exposure to numerous toxicants and carcinogens present 
in combustible tobacco” (National Academies of Sciences, Engineering, and Medicine, 
2018, p. S-7); five claims with no available evidence, including, “whether or not long-
term e-cigarette use among smokers (dual use) changes morbidity or mortality compared 
5 
with those who only smoke combustible tobacco cigarettes” (National Academies of 
Sciences, Engineering, and Medicine, 2018, p. S-8); and twelve claims with limited 
evidence, including, “e-cigarettes may be effective aids to promote smoking cessation” 
(National Academies of Sciences, Engineering, and Medicine, 2018, p. S-7). 
Consensus study reports are written primarily for the audience of policymakers 
commissioning the report, but NASEM also thinks robustly about objective metrics of 
impact assessment in key audiences. For example, upon a consensus study’s release, 
committees often co-publish an executive summary or even shorter set of key findings 
and recommendations for policymakers, both of which undergo the same process of peer 
review as the study. In advance of a report’s publication, NASEM may organize an 
advance private briefing on the report with key stakeholders on Capitol Hill through a 
designated Office of Congressional and Governmental Affairs. NASEM also focuses 
efforts on public dissemination to other key audiences, including local or regional 
policymakers and the larger scientific community, as well as to the laypeople set to 
benefit from their policy recommendations. NASEM’s Office of News and Public 
Information takes on these tasks, including hand-selecting experts on a consensus study’s 
volunteer committee for media training to represent the study in subsequent media 
coverage.  
In all, NASEM’s robust machinery of dissemination to key audiences should 
support the notion that consensus study reports are not just shouts into the void: they are 
commissioned to fulfill a need (in the case of e-cigarettes, by FDA), and en route to 
pursuing this goal, the study can direct the global scientific community to opportunities 
for future research and inform the larger non-scientific public on topics of relevance to 
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their lives. The voice behind these consensus studies is one with gravitas in both the 
scientific community (given the prestige of the Academies) and the policymaking 
community (given their nonpartisan nature). Consensus studies are delivered to 
policymakers as the opinion of the scientific community, so scientific norms suggest 
experts in the field will agree with their peers’ consensus assessment—including about 
limited evidence and the inability to make conclusive recommendations. It is this conceit 
in particular that drives the motivations behind my study: if the scientific community is 
not adhering to their own norms of evidence for topics of scientific uncertainty, how can 
we expect anyone to understand what science is certain? 
Discussing Scientific Uncertainty 
Previous research has documented that e-cigarettes are extensively covered in 
legacy news outlets, particularly regarding associated harms, risks, and benefits 
(Wackowski et al., 2018; Yates et al., 2015). Although the arc of scientific research is a 
slow and methodical one, narratives of quest and discovery dominate in media coverage 
(Jamieson, 2018), so coverage of research findings can seem rife with contradiction if the 
topic is particularly “newsworthy” (Stryker, 2002). Additionally, news coverage may 
state conclusions of research in ways that are ostensibly different than a study’s own 
conclusions (Haber et al., 2018). Whether this uncertain evidence from ongoing research 
is prevalent in news coverage, and particularly how this uncertainty may be framed to the 
public and policymakers, is the focus of this study. 
Presenting Uncertainty as Limited Evidence  
Scientific research that informs evidence-based policymaking communicates 
uncertainty by appraising the quantity and quality of available evidence. High uncertainty 
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suggests little evidence, while low uncertainty suggests conclusive evidence. Building off 
the advent of meta-analyses and systematic reviews (Gurevitch et al., 2018; Higgins & 
Green, 2011; Ioannidis, 2016), consensus study reports use panels of experts to sift 
through the available evidence, report key findings, and implement concise language for 
the strength of the conclusions that evidence grants. For example, the Intergovernmental 
Panel on Climate Change (IPCC)—the United Nations body for scientific research about 
climate change—quantifies the consistency of evidence and its agreement in issuing 
claims with five stated levels of confidence, from very low to very high. For example, the 
claim, “Global warming is likely to reach 1.5°C between 2030 and 2052 if it continues to 
increase at the current rate,” has high confidence (Masson-Delmotte et al., 2018, p. 6). 
This concise language is designed to increase the clarity and impact of the research to 
policymakers, even while experts continue to grapple with these complex systems 
(Mastrandrea et al., 2010).  
In defining a limited evidence message about e-cigarette uncertainty, I refer to 
this same language used by experts on the NASEM panel about quantifying and 
interpreting available evidence. That is, limited evidence messages answer questions 
about e-cigarettes through the lens of how available evidence is insufficient for providing 
a definitive answer.   
Under uncertainty management theory (UMT), individuals may gauge uncertainty 
as a source of danger or a source of opportunity (Brashers, 2001), with these appraisals 
dictating responses to reduce, maintain, or increase uncertainty. Uncertainty may not be 
uniformly appraised by individuals, who use different techniques to seek or avoid 
information in managing the effects of uncertainty (Carcioppolo et al., 2016). Recent 
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research has tested the effect of messages about e-cigarette uncertainty, with exposure to 
e-cigarette uncertainty decreasing e-cigarette risk perceptions when compared to control 
(Jessica K. Pepper et al., 2018). From the harm reduction perspective, perceptions of e-
cigarettes as less risky products are problematic for youth and young adults (YYA) and 
never-smokers, but if evidence increasingly supports e-cigarettes as modified risk 
tobacco products for smokers, then accurate perceptions of risk are necessary for 
informing regulation. However, it is still unknown whether and how these audiences may 
be exposed to e-cigarette uncertainty. 
Uncertainty is inherent to scientific research, as is the fundamental nature of 
hypothesis testing and falsifiability (Popper, 1959). While epistemic uncertainty is 
important to the scientific process, translating available scientific evidence to 
policymakers or the general public creates opportunities for interests to cast doubt on the 
scientific enterprise (Oreskes & Conway, 2010). This process is most notably 
demonstrated in the continued denial of scientific consensus on anthropogenic climate 
change driven by conservative interests in the United States, despite scientific consensus 
communicated in IPCC reports (Bliuc et al., 2015; Dunlap & McCright, 2008, 2011; 
McCright & Dunlap, 2011). The organized repudiation of scientific consensus is not 
possible without politicizing the science and scientists, making interpretations of 
scientific claims and evidence contingent on political identity (Jamieson & Hardy, 2014; 
Kahan et al., 2011; Lewandowsky & Oberauer, 2016). While previous research 
emphasizes the ramifications of established politicization on such topics as the recent 
“war on science” (Hardy et al., 2019), this dissertation focuses on a topic of research 
preceding blatant politicization. How uncertainty in ongoing research is portrayed as 
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either a topic of limited-but-accumulating evidence or expert conflict may determine 
researchers’ ability to inform policy. 
Presenting Uncertainty as Conflict 
In the NASEM consensus study report discussed above, claims with limited 
evidence include “mixed findings” (National Academies of Sciences, Engineering, and 
Medicine, 2018, p. S-11), or contradictory results within the extant literature. While the 
nature of scientific inquiry means these contradictions will be resolved with further 
research, this present uncertainty could be presented in terms of conflicting information. 
In the case of e-cigarettes, uncertainty remains over how to prioritize harm reduction 
among current smokers along with nicotine avoidance in non-smokers, and conflicting 
information from credible experts may support either of these public health goals. 
Conflicting information includes messages that are two-sided or ambiguous. This 
includes cases where some information supports a behavior—say, the purported risks of 
the human papillomavirus (HPV) vaccine or the benefits of coffee drinking—and other 
information opposes it, so-called decisional conflict (Carpenter et al., 2016; Nan & Daily, 
2015). Conflicting information might also incorporate more than just the “sidedness” of 
an argument by providing logically inconsistent claims about a behavior, so-called 
informational conflict (Carpenter et al., 2016). For example, one message may claim e-
cigarettes decrease cigarette smoking (by helping adult smokers quit), while another 
message may claim e-cigarettes increase cigarette smoking (by serving as a gateway 
product for non-smokers). Unlike uncertainty from limited evidence discussed above, 
uncertainty from conflicting information reinforces beliefs that only one claim or expert 
supporting that claim can be right, increasing ambiguity (Ellsberg, 1961). 
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Examples of conflicting information abound from nutrition (Nagler, 2014), cancer 
prevention recommendations including mammography (Nagler et al., 2019) and prostate 
specific antigen screening guidelines (Gibson et al., 2016), and, most recently, e-
cigarettes (Tan et al., 2017). Throughout this work, hypothesized effects of exposure to 
conflicting information are generally undesirable: increased confusion (Lee et al., 2018), 
a backlash of negative attitudes towards research (Chang, 2015), information overload 
(Niederdeppe et al., 2014; Niederdeppe & Levy, 2007), pessimistic or fatalistic beliefs 
about the preventability of cancer (Han et al., 2006; Niederdeppe & Levy, 2007), 
diminished credibility of scientists (Jensen & Hurley, 2012), and decreased support for 
regulation policy (Tan et al., 2015). Exposure to conflicting information could create 
positive outcomes—for example, by motivating information seeking to resolve perceived 
conflict; nevertheless, information seeking in environments of conflicting information 
may decrease compliance with recommended behaviors (Gibson et al., 2016). Thus, 
measuring the prevalence of conflicting information is necessary for untangling the 
possible effects of exposure, particularly as these effects may be unique from the effects 
of uncertainty writ large. 
It is not the objective existence of conflicting information, but rather the 
perception of such conflict, that remains the important determinant of behavior 
(Carpenter et al., 2016). If objectively conflicting information is not perceived as 
conflicting due to lagged time between exposures common in real-world media 
consumption, concerns about beliefs, attitudes, or intended behavior should be limited. 
However, if conflict exists within a single message—a so-called message about 
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conflict—then communication researchers should be concerned with measuring their 
unique prevalence and effects (Nagler & LoRusso, 2017).  
Recent work on the media coverage of changing mammography 
recommendations underscores the importance of messages about conflict in the coverage 
of ongoing research (Nagler et al., 2019). Nagler and colleagues (2019) conducted a 
quantitative content analysis of news coverage around four publicized changes in 
mammography guidelines and recommendations from 2009 to 2016, in which time 
guidelines about age and frequency of mammography screenings were updated for 
recommendations from U.S. Preventive Services Task Force (USPSTF) and the 
American Cancer Society (ACS). While these updated guidelines were based on 
increasing evidence about associated risks of false positives, the recommendations from 
USPSTF and ACS were objectively conflicting, likely creating problems for 
comprehension and compliance in relevant audiences. In analysis of each of the four 
media events surrounding changing mammography recommendations, messages about 
conflict were prevalent throughout, despite the increasing accuracy of coverage over 
time. By presenting recommendations with messages about conflict, even accurate 
representations of updated guidelines could produce deleterious effects on attitudes and 
intentions to adhere to recommendations for breast cancer screening.  
Summary of Present Studies 
This dissertation seeks to measure, first, the prevalence of expert disagreement 
and expert uncertainty in news articles about e-cigarettes. In Chapter 2, I conduct a 
content analysis of news articles about e-cigarettes from legacy daily newspapers and 
wire services from 2017 to July 2018 (October 2018, N=376). I develop a dictionary-
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based codebook to code for e-cigarette uncertainty as messages about conflict or limited 
evidence. I hypothesize that the publication of the NASEM consensus study report on e-
cigarettes (January 2018) serves as a transition point in news coverage of e-cigarettes, 
coinciding with a significant reduction in e-cigarette uncertainty messages about conflict. 
Following the conclusion of the content analysis, I turn to how these messages 
about e-cigarette uncertainty may produce divergent perceptions of experts who endorse 
such statements. In Chapter 3, I hypothesize that conflict messages will increase 
perceptions of expert disagreement among current and former smokers, while limited 
evidence messages will increase perceptions of expert willingness to admit uncertainty. I 
use the results of the content analysis to produce as stimuli, sets of candidate messages, 
which I then test for effects on perceptions of experts as disagreeing and uncertain in a 
within-subjects repeated measure experiment with four messages conditions: conflict, 
limited evidence, messages including both conflict and limited evidence (i.e., combined), 
and no mention of e-cigarette uncertainty (i.e., control). In a randomized within-subjects  
experiment of smokers and non-smokers (N=457, April 2019), this study validates that 
conflict messages do, in fact, increase perceptions of expert disagreement, while limited 
evidence messages similarly increase perceptions of expert willingness to admit 
uncertainty. As discussed in more detail in these studies, these perceptions are 
hypothesized to be operationally distinct and produce divergent effects towards healthy 
behaviors, including intentions to perform other recommended health behaviors. 
Finally, Chapter 4 uses the validated messages from the previous studies of 
messages function to ask: what are the effects of varying levels of expert disagreement 
and expert uncertainty about e-cigarettes on current and former smokers? This study (July 
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2019, N=765) uses a between-subjects experimental design to test the four previously 
described conditions (with validated stimuli) on outcomes hypothesized in the conflicting 
health information and science communication literatures, including “spillover” 
intentions to follow recommended healthy behaviors and intentions to use tobacco 
products. In Chapter 5, I interpret the results of this experiment with accompanying open 
text responses from participants that elucidate several key conclusions. Chapter 6 
considers how these studies answer some questions while provoking others about 




Chapter 2 – Study 1: How News Coverage Presents Changing Scientific Evidence on 
E-Cigarettes 
Introduction 
In Chapter 1, I presented a hypothetical framework of modes for conveying 
information about scientific uncertainty. My first empirical study sets out to observe 
these types of information as they exist in news coverage of e-cigarettes, an emerging 
issue in science with several aspects of ongoing research driving scientific uncertainty, as 
discussed previously. The primary objective of this study is to demonstrate how news 
coverage about e-cigarette research presents scientific uncertainty following the 
framework discussed above—with a codebook developed iteratively and discussed in 
detail later in this chapter. Additionally, this study capitalizes on hypothesized changes in 
news coverage given publicized changes in scientific consensus, courtesy of the NASEM 
consensus study report on e-cigarettes discussed previously.  
Hypotheses and Research Questions 
As covered in the previous chapter, January 2018 marks the publication of a 
consensus study report on e-cigarettes from the U.S. NASEM. This consensus study 
represents the evaluations of the community of scientific experts on what evidence about 
e-cigarettes is conclusive for effective policymaking and what evidence is inconclusive 
and warrants more scientific investigation. While the publication of NASEM consensus 
study reports are not explicitly designed to influence news coverage, as mentioned 
previously, a robust coterie of news and public information officers at the Academies do 
focus on dissemination efforts with journalist contacts in news organizations. Thus, while 
15 
this consensus study was commissioned by FDA and thus the committee writes for this 
key audience, NASEM’s larger dissemination efforts are designed to inform any 
journalist seeking the state of current knowledge about any topic.  
The content analysis design of this study (discussed in more detail below) does 
not explicitly test for a causal mechanism of change in news coverage. Results of this 
study cannot claim that, due only to the publication of a NASEM consensus study report 
on e-cigarettes, coverage in news does or does not more closely reflects the language of 
uncertainty used within the consensus study. That said, one can think more generally of 
this consensus study report as a bellwether of scientific opinion—that is, the consensus 
study provides quantitative evaluation to scientific certainty about e-cigarettes and then 
provides a qualitative means for members of the scientific community to communicate 
that certainty.  
If the NASEM consensus study report on e-cigarettes is a bellwether, then even 
after the report is no longer “newsworthy” in its own right, messages about e-cigarette 
science should largely follow the cues set by this committee of experts. Following this 
logic, even without a strictly causal design, I expect to see the language used in the 
consensus study report to explain e-cigarette uncertainty to pervade subsequent news 
coverage, perhaps replacing other ways of covering uncertainty—the conflict messages 
of my framework. It is this should decrease in news coverage after the NASEM 
consensus study report—conflict which, by its very name, a consensus report is intended 
to dispel.  




H2: Limited evidence messages will be more prevalent after the NASEM report. 
In laying out this study as an initial step for later studying the effects of messages 
about e-cigarette uncertainty, I also posed several research questions about how print 
journalism covered e-cigarette uncertainty in this time period. First, I sought to evaluate 
how many articles about e-cigarettes in general considered e-cigarette research in 
particular, as articles specifically about e-cigarette research and science may not be 
particularly prominent in all articles about e-cigarettes. The results of this research 
question will both support a more general understanding of the larger print news 
landscape around e-cigarettes at this time and, in later studies, will support stimuli 
creation. Since this study considers the population of e-cigarette-related articles in this 
time period for a set number of sources, I can pose this initial research question in terms 
of proportions: 
RQ1: What proportion of articles in this population mention e-cigarette research? 
Next, I sought to evaluate whether there may be systematic differences in feature 
prevalence by article type for this population. Previous evidence suggests that news and 
non-news articles (e.g., op-eds, editorials, etc.) may differ in topical coverage of e-
cigarettes regarding perceived benefits (Yates et al., 2015). Therefore, news articles may 
also discuss e-cigarette research or deploy uncertainty messages in ways unique from 
non-news articles. This prompts my second research question: 
RQ2: Do non-news articles (e.g., op-eds, editorials, etc.) differ from news articles 
in their inclusion of uncertainty messages? 
Finally, while I have presented a distinction between conflict and limited evidence 
messages as unique ways of presenting scientific uncertainty about e-cigarettes, both 
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messages could presumably occur within the same article. If conflict and limited 
evidence messages were to co-occur, one could hypothesize their interaction may have 
unique effects on the reader. For instance, perhaps co-occurring messages about conflict 
and limited evidence amplify the deleterious effects of conflict posed in the previous 
chapter, or perhaps their interaction suppresses deleterious effects. While this study does 
not observe the effects of messages on beliefs, attitudes, or behavioral intentions, this line 
of thought for subsequent studies prompts my third research question: 
RQ3: How frequently do conflict and limited evidence messages co-occur? 
Materials and Methods 
Population 
E-cigarettes are extensively covered in legacy news outlets, particularly regarding 
associated risks and benefits (Wackowski et al., 2018; Yates et al., 2015). Additionally, 
previous research has demonstrated the influence of newspapers and other legacy media 
broadcasts on perceptions of public health (Dudo et al., 2007). The present study analyzes 
the population of e-cigarette articles from January 1, 2017, through July 16, 2018, in the 
top fifty U.S. English language newspapers by circulation at the time (Barthel, 2018), as 
well as four wire services: Associated Press, Reuters, United Press International, and 
CNNWire. Articles were collected between two news database archives, NewsBank and 
Factiva, and these dates include coverage before and after the publication of the NASEM 
consensus study report on e-cigarettes (January 23, 2018). Following a previously 
validated search procedure (Wackowski et al., 2018), this population of articles included 
one or more validated search terms in the headline, including singular and plural forms of 
“electronic cigarette(s),” “e-cigarette(s),” “ecigarette(s),” “e-cig(s),” “ecig(s),” 
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“vaping(s),” “vape(s),” “vaporizer(s), “e-liquid(s),” “e-juice(s),” and “electronic nicotine 
delivery device(s).” Articles were initially examined for redundancy, and multiple 
publications of newswire articles were removed. When a single source published two 
versions of the same article, the corrected version was kept; if there was no correction the 
longer version was kept (e.g., if the online version of the article contained more 
exposition than the print version due to space restrictions). If the headline of a redundant 
article changed between versions, coders documented the different headline versions 
within the article so any version of the headline containing a relevant feature was coded. 
Of the 376 articles that comprise the final corpus, 41 (10.9%) included more than one 
validated search term in their headlines (see Table 1). 
Table 1: Coding of features by whether the article includes one or more than one 
validated search term in headline (N=376). 
One validated search term More than one validated 
search term 
Article does not include 
any relevant message 
feature 
227 20 
Articles includes at least 
one relevant message 
feature 
128 21 
Note. Relevant message features here include the two uncertainty messages (conflict and limited 
evidence) and the two other features coded for interest (mention of scientific research and 
mention of the NASEM report). 
Coding and Analysis 
Two independent coders trained on a random sample of articles in August 2018 
(n=75, approximately 20% of full corpus). A priori research questions and hypotheses 
guided the definitions of features in the codebook, and coders used an inductive process 
throughout training to update codebook examples before coding on the full corpus. The 
full codebook can be found in supplementary materials. 
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Conflict messages include two ways of operationalizing conflict. First, messages 
about conflict are defined as the explicit mention of conflict over e-cigarettes, including 
any synonyms of conflict (e.g., debate, disagreement) and argument-counterargument 
structures. This feature excludes debates over e-cigarette regulation without claims from 
scientific research. debate where one side represents industry interests, and disagreement 
primarily about vaping by YYA or where vaping by YYA is the only evidence provided 
on either side of conflict (often on the opposition). Public health experts agree that 
preventing YYA initiation and addiction is particularly important for regulation (Office 
of the Surgeon General, 2016), so this topic of consensus is outside of the scope of this 
study.  
As a second way of operationalizing conflict, conflict messages include experts 
cited in conflict, defined as quotations from credible experts positioned in opposition to 
each other. This second operationalization of conflict can inform a more detailed 
understanding of how experts are represented in disagreement given scientific 
uncertainty. Experts include academic researchers, physicians, non-governmental health 
organizations, and governmental health organizations like the FDA, which remains a 
credible messenger about tobacco to the American public (Osman et al., 2018). Experts 
cited in conflict exclude elected officials, industry voices, and lobbyists over e-cigarettes 
given observed differences of public confidence in the scientific community versus 
confidence in major companies or branches of government (National Science Board, 
2018); additionally, the recent history of American anti-tobacco campaigns about 
deceitful practices within the tobacco industry undoubtedly affects trust in these actors 
(Thrasher & Jackson, 2006).  
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Limited evidence messages include mention of e-cigarettes as a topic still being 
studied, conclusions being limited by a lack of scientific evidence, current results not 
offering a complete picture, or unclear effects of e-cigarettes. This feature excludes 
mention of limitations specific to a single study (so-called hedging, e.g., ‘the study is not 
generalizable to other populations’), as the present study focuses on the contextualization 
of a single study’s findings within the larger body of available evidence.  
For RQ1, coders measured any mention of scientific research about e-cigarettes—
articles that review an individual study or several studies, regardless of their inclusion of 
uncertainty messages. The scientific research feature excludes studies solely about e-
cigarette use among YYA, quasi-scientific claims or population-level statistics without 
attribution to research or researchers, and mentions of research not about e-cigarettes 
(e.g., heat-not-burn tobacco products mischaracterized as e-cigarettes). 
Coders also coded mention of the NASEM panel in articles published on or after 
the report publication date. This feature includes both reference to the NASEM-
assembled experts and a “national panel of experts,” since both cases presumably link the 
report’s conclusions to their credibility as experts. This feature excludes articles that do 
not mention the panel by name or call them some variation on “national panel of 
experts,” as well as articles that mention the conclusions of the NASEM report only 
relevant to questions about YYA. 
All articles were coded by both trained coders for inclusion of scientific research, 
uncertainty message, and mention of the NASEM consensus study report. Coders noted 
where in the article they observed each feature: in the headline, lede (the first sentence or 
paragraph of the article), body, or conclusion (the last sentence or paragraph of the 
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article). Additionally, coders marked whether the piece was a standard news item, as 
opposed to an op-ed, editorial, letter to the editor, or advice column, as these non-news 
items may deploy uncertainty in ways distinct from news items. For articles in the corpus 
without any feature of interest to this study, coders assigned one or more topics 
determined in consultation with previous content analyses (Wackowski et al., 2018), 
including YYA vaping, advertisement, business/industry, crime, exploding batteries, 
heat-not-burn tobacco products, marijuana vaping, and regulation. 
Interrater reliability tests were run on the training subset to confirm a priori 
Krippendorff’s alphas (>0.8). Two a priori alphas were satisfied after initial training 
(limited evidence messages=0.87, experts cited in conflict=1.000). However, reliability 
on the messages about conflict subcomponent of how conflict messages were 
operationalized was below this threshold (alpha=0.73). Coders met to reach consensus on 
articles where they disagreed and revised the codebook to increase clarity going forward. 
For example, the coders added a codebook example for what they should exclude as a 
conflict message: articles referencing opposition between researchers and tobacco 
industry experts, as this should not be construed as credible disagreement among 
scientific authorities. Other features had acceptable agreement (NASEM report=0.62), 
substantial agreement (non-news articles=0.75), and near perfect agreement (topic of 
articles not including at least one feature=0.82, scientific research=0.89). 
Both trained coders each coded all of the remaining corpus (301 articles). Initial 
reliability among coders suggested substantial agreement for some elements and 
subcomponents (messages about conflict=0.78, experts cited in conflict=0.73, topic of 
articles not including at least one feature=0.75) and near perfect agreement for others 
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(limited evidence messages=0.85, scientific research=0.89, NASEM report=0.97, non-
news article=0.87). Remaining disagreements in the corpus (42 articles, 11.2%) were 
resolved with a tiebreak third independent trained coder in September 2018. Where 
tiebreak coding did not resolve conflict (14 articles, 3.7% of corpus), the three coders met 
during October 2018 to unanimously agree on coding. 
Analysis proceeded by evaluating descriptive parameters to quantify the 
prevalence of features and their locations in the corpus. Research questions and 
hypotheses were evaluated using Fisher’s exact test of proportions, given low counts of 
articles in some cells, with odds ratios (OR) and p values reported. 
Results 
Table 2 reports the prevalence of features in this population of e-cigarette articles. 
Among all articles, 42 (11.2%) included a conflict message. An example a conflict 
message including synonyms of conflict comes from a February 2017 Philadelphia 
Inquirer article: “For a decade, scientists have debated the safety of e-cigarettes…” 
(Philadelphia Inquirer, 2/6/17).1 
Articles that included a conflict message predominantly included messages about 
conflict as opposed to experts cited in conflict. Only ten articles (2.7%) explicitly cited 
experts in conflict, all in the body of the article. One example pitted two academic 
researchers against each other:  
Tobacco researchers such as Stanton Glantz, at the University of California-San 
Francisco, say the risks — and limited favorable evidence — support keeping 
flavored vapes off the market until science clearly supports their use for smoking 
 
1 The codebook with each feature’s definition (and examples of how it was applied to include and exclude 
messages) is included in Appendix A, Table 21. 
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cessation. But analysts such as Kenneth Warner, a public health professor and 
economist at the University of Michigan, focus on how vaping could lower adult 
tobacco use. (Chicago Sun-Times, 6/12/18) 
 
More articles (83, 22.1%) included limited evidence messages. One such limited 
evidence message, which mentioned unclear evidence or the lack of current consensus, 
came from an Associated Press early-2018 headline: “Do e-cigarettes help or harm? 
Report says not clear yet” (AP, 1/23/18). Nearly a quarter of all articles discussed 
scientific research (92, 24.5%). One mention of scientific research, which included 
mentioning the results of several studies or research in general, comes from the Atlanta 
Journal-Constitution in July 2018: “In the study, just published by researchers from 
GSU’s School of Public Health, vapers had 70 percent lower odds of quitting smoking 
than nonvapers.” Few (48, 12.8%) were non-news articles, including op-eds, editorials, 
letters to the editors, or advice columns. 
Table 2: Prevalence of e-cigarette uncertainty messages other features in corpus (N=376). 
Uncertainty 
messages 













39 2 5 35 2 
10.4% 0.5% 1.3% 9.3% 0.5% 
Experts cited in   
conflict 
10 0 0 10 0 
2.7% 0.0% 0.0% 2.7% 0.0% 
Limited evidence 83 4 2 78 13 













RQs      
Scientific research 92 21 34 88 21 
24.5% 5.6% 9.0% 23.4% 5.6% 
Non-news article 48 
12.8% 
-- -- -- -- 
Note. Each cell includes the number of articles that included at least one of each feature 
in the requisite location, as well as the percentage of articles in the corpus (N=376). Rows 
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are not intended to total to the overall count because each article can include each feature 
in multiple locations. 
The first research question was about the proportion of articles in this population 
that covered e-cigarette research. As depicted in Table 2, roughly one in four (24.5%) 
articles in this population specifically mentioned scientific research about e-cigarettes—
either by discussing an individual study or several studies on e-cigarettes, but excluding 
research outside of my scope (YYA, statistics without research attribution, heat-not-
burn). Regardless of the relevance of e-cigarette research to scientists, policymakers, and 
science communicators, most newspaper articles in this period do not include even a 
passing mention of research, let alone how the research community is grappling with and 
communicating uncertainty. 
The second research question asked about the relationship between article type 
and the prevalence of uncertainty messages or other features. There were no significant 
relationships between article type and conflict messages, OR=1.16, p=0.81 or between 
article type and limited evidence messages, OR=1.37, p=0.36. Non-news articles were 
significantly more likely to include claims from scientific research, OR=2.28, p=0.01, 
with 19 (39.6%) of 48 non-news articles included scientific research, compared to 73 
(22.3%) of 328 news articles. However, non-news articles were also significantly longer 
(M=684.98 words, SD=321.94) than news articles (M=542.88, SD=408.97), t(71.25)=-
2.75, p<0.01, providing at least a partial explanation for this effect. Given no significant 
differences in the prevalence of uncertainty messages by article type, subsequent analysis 
includes non-news articles within the total population of relevant news coverage. 
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The third research question asked whether uncertainty messages were likely to co-
occur within the same article. An article using one kind of e-cigarette uncertainty 
message was significantly more likely to include the other kind of uncertainty message 
than an article without, OR=8.86, p<0.001. Both limited evidence and conflict messages 
co-exist within articles, despite neither message being prominent in the majority of e-
cigarette news coverage in the study period.  
Within the population of 376 articles analyzed, 173 (46.0%) were published after 
the NASEM report on January 23, 2018 (see Table 3 for detail). Notably, within these 
173 articles, only 16 articles (9.2%) explicitly mention the NASEM panel of experts or 
their report’s findings. H1 hypothesizes the conflict message is less prevalent in news 
coverage after the NASEM report publication. Results support H1: articles published  
after the NASEM report were significantly less likely to present e-cigarette uncertainty as 
conflict than those published before the NASEM report, OR=0.38, p<0.01. 
H2 hypothesized that limited evidence message would be more prominent in news 
coverage after the NASEM report publication. Results of Fisher’s exact test do not 
support H2, OR=1.43, p=0.17. Articles published after the NASEM report were no more 
likely to present e-cigarette uncertainty as limited evidence than those published before 
the NASEM report. 
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Table 3: Uncertainty messages and other features by location, pre- and post-NASEM report (January 23, 2018). 
Pre-NASEM (203 articles) Post-NASEM (173 articles) 
Overall HL Lede Body Conclusion Overall HL Lede Body Conclusion 
Uncertainty 
messages 
Conflict 31 0 4 27 2 11 2 1 11 0 




29 0 4 25 2 10 2 1 10 0 




8 0 0 8 0 2 0 0 2 0 
3.9% 0.0% 0.0% 3.9% 0.0% 1.2% 0.0% 0.0% 1.2% 0.0% 
Limited 
evidence 
39 2 1 37 4 44 2 1 41 9 




49 14 18 47 12 43 7 16 41 9 
24.1% 6.9% 8.9% 23.2% 5.9% 24.9% 4.0% 9.2% 23.7% 5.2% 
NASEM -- -- -- -- -- 16 2 4 16 1 
9.2% 1.2% 2.3% 9.2% 0.6% 
 Note. Each cell includes the number of articles that included at least one of each feature in the requisite location, as well as the percentage of 
articles in the corpus for that time period.  
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Figure 1: Relative proportion of articles including conflict messages decreases over three 
6-month windows before and after the publication of the NASEM consensus report on e-
cigarettes
In post hoc exploratory analysis, I attempted to understand the observed 
significant decrease in conflict messages. First, I assessed whether the decreased 
prevalence of conflict messages abruptly followed the publication of the NASEM 
consensus report, or instead followed a longer tail. I proceeded by further dividing the 
period before publication of the NASEM report into two distinct roughly six-month 
windows (January 1, 2017 to June 30, 2017 and July 1, 2017 to January 22, 2018) and 
comparing the proportion of articles including a conflict message, as shown in Figure 1. 
Results comparing these three proportions demonstrate the significant difference in 
proportion of conflict messages over these three times, 22=8.45, p=.01. This significant 
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difference in proportions is significant over time, with a significant chi-squared test for a 
trend across the three proportions, 12=8.39, p<.01. There appears to be a linear decrease 
in the proportion of conflict messages in news article coverage as time progresses, 
including before the publication of the consensus study report. 
I also considered whether a substitution effect could explain the decreased 
prevalence of conflict messages. By a substitution effect, I mean to ask, given scientific 
consensus about the state of e-cigarette research, does the limited news coverage on e-
cigarette re change the topics of articles published after the NASEM consensus report? 
YYA vaping was an increasingly dominant topic of coverage in the period following the 
NASEM report, with 51.8% of articles not discussing scientific research, conflict, or 
uncertainty cover YYA vaping as a primary topic in the period following the NASEM 
consensus report (see Table 4). 
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Note. Articles may include more than one theme, so columns may exceed 100%. For each 
category, dates include: 6-12 months before NASEM (January 1, 2017 to June 30, 2017); up to 6 
months before NASEM (July 1, 2017-January 22, 2018); and 6 months after NASEM (January 
23, 2018-July 16, 2018). 
A close reading of two exemplar articles—one from the San Diego Union-
Tribune (a newspaper from San Diego, California) before the NASEM report (July 27, 
2017) and one from the Associated Press (a newswire) after the NASEM report (May 23, 
2018)—demonstrates some of these changes in coverage of e-cigarette uncertainty over 
time. Both articles describe research published in prestigious medical journals about e-
cigarettes for smoking cessation, a topic mentioned in both articles’ titles and ledes.  
In the Union-Tribune story showing promise for e-cigarettes in smoking 
cessation, research results are quickly contextualized through the lens of conflict in the 
article’s body: “Scientists, medical professionals, advocacy groups and industry 
organizations are mired in debate about whether e-cigarettes are a useful means of 
quitting smoking or a new gateway to smoking.” Subsequently, experts not involved in 
the research comment on the study’s merits and limitations before providing competing 
interpretations of the overall body of evidence about e-cigarettes for smoking cessation. 
One expert (an academic researcher) insists, “it’s absolutely clear that e-cigarettes help 
smokers replace cigarettes.” The article then abruptly presents a limited evidence 
message, pivoting to another expert (a non-governmental public health organization 
director) stating, “We just don’t know if moving to e-cigarettes is good enough to reduce 
the harm.” The juxtaposition of these competing claims—although one is expressing 
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uncertainty rooted in limited evidence—implies conflict as the dominant frame of the 
article, perhaps leaving the reader to grapple with ambiguity. 
The Associated Press story following the NASEM consensus study report 
discusses the results of research about e-cigarettes being ineffective for smoking 
cessation. The article makes reference to the NASEM report and its way of 
conceptualizing uncertainty as limited evidence: “…earlier this year, a national panel of 
experts said vaping may help folks reduce smoking but that more research is needed.” 
After providing more discussion of the study’s findings and methodology, the article 
sought expert comment about the study’s merits and limitations, similar in structure to the 
Union-Tribune article prior to the NASEM report. In this case, experts were again cited 
in disagreement, although both clung closely to the study’s evidence and methodologies. 
One expert praising the study’s methodology was introduced as a member of the NASEM 
panel, while the other expert (also an academic researcher) criticized the shortcomings of 
the study’s intention-to-treat analysis before claiming e-cigarettes as “the best thing that’s 
come along in 10 years to help people quit.” Although this article makes repeated 
reference to the stated expert consensus about limited e-cigarette evidence, experts are 
still explicitly cited in conflict over emerging evidence to support harm reduction claims.  
Discussion 
This analysis operationalized two modes of presenting scientific uncertainty from 
ongoing research and measured their prevalence in e-cigarette news coverage over time. 
Coders were able to distinguish between messages about conflict and limited evidence 
and reliably code messages for 1) their presence at all in news coverage about e-cigarettes 
and 2) the possibility that their prevalence changes during the study period. To discuss 
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conflict and limited evidence as alternatives to covering uncertainty is to suggest that 
their place in news coverage may produce differential effects in the public. News 
coverage of e-cigarette uncertainty presented as conflict—whether by emphasizing 
messages about conflict or the explicit citation of experts in conflict—decreased during 
the study period, with a significant decrease in prevalence after the publication of an 
expert consensus study report, the results of H1.  
The reason for this reduction in conflict coverage is not immediately apparent. 
Post hoc analysis demonstrates that this diminishing prevalence was underway before the 
publication of the NASEM report, suggesting that other changes in the information 
environment are likely contributors to the decline. Such changes may include the changes 
in newsworthy criteria discussed above, with stories about YYA vaping taking 
prominence over discussion of the limited evidence claims laid out by the NASEM 
report. Additionally, other newsworthy events may have led changes in news coverage in 
advance of the NASEM report. For example, this period includes the success of a 
campaign in San Francisco, California, to ban flavored tobacco products (including e-
cigarettes), first with a city supervisors’ ordinance in June 2017, and then with a citywide 
referendum in June 2018. Proposed flavor bans are increasingly common in states given 
the 2019 crisis of EVALI deaths, but this ban (and its obvious newsworthiness) precedes 
the publication of the NASEM report. 
The reduced prevalence of uncertainty presented as conflict does not make way 
for an increased prevalence of uncertainty presented as limited evidence, the results of 
H2. The absence of evidence supporting this hypothesized replacement effect could be 
related to the low rate of articles following the NASEM consensus report that body of 
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experts’ findings: fewer than 10% of articles after the NASEM consensus study report’s 
publication referred to the findings of its expert panel. Many other factors in the media 
environment made it unlikely that a (possibly boring) article about what scientists do and 
do not know about e-cigarettes would be a dominant story frame. After all, this news 
period in 2018 could be defined by the increased coverage of e-cigarette regulation and 
YYA vaping, questions of civic if not scientific debate likely to attract readership. 
Roughly three-quarters of all articles about e-cigarettes did not include any 
mention of e-cigarette research, the results of RQ1. Non-news articles were significantly 
more likely to include claims from scientific research, the results of RQ2, but this result 
may be due to a significant difference in article length. Perhaps the increased reliance on 
scientific research in non-news articles could also be due to the deliberate selection of 
supporting information to build an argument in these rhetorical forms. Additionally, both 
e-cigarette uncertainty messages significantly co-occurred in articles, the result of RQ3 as
exemplified in the articles discussed in detail above. Although both uncertainty messages 
were not prominent in the majority of e-cigarette articles in this period, their significant 
co-occurrence suggests audiences are presented with competing ways of understanding 
scientific research about e-cigarettes. However, this study cannot determine the effects on 
audiences of these competing modes being present in a single message—particularly as 
overall exposure to these messages is unknown. 
Limitations and Next Steps 
This study operationalizes e-cigarette uncertainty messages using an iterative 
approach to codebook development. However, initial coding achieved less than 
satisfactory a priori reliability for messages about conflict, and subsequent coding of 
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conflict in the test set provided substantial but not near perfect agreement. Reliable 
coding may have proved difficult for messages about conflict given the exclusion of 
conflict specific to YYA. While based on the need to unpack moral disagreements from 
topics of ongoing scientific uncertainty, excluding YYA vaping is nonnegligible given its 
prominence as a topic of e-cigarette news coverage. Of the 247 articles that did not cover 
research or include an uncertainty message, the majority (138 articles, 55.8%) discussed 
the regulation of e-cigarettes, and a significant number (101 articles, 40.9%) included 
mention of adolescent vaping (see Table 4). Future research studying uncertainty 
messages in coverage of YYA e-cigarette use may observe this confluence of moral 
arguments and claims of scientific uncertainty in coverage during this period. Perhaps 
researchers could study the co-occurrence of messages about conflict with moral 
arguments or values-based message appeals, akin to research associating moral values 
with vaccine hesitancy (Amin et al., 2017).  
This analysis uses validated search terms and a corpus defined by source and date 
to improve validity and reproducibility, but the population analyzed was small and 
limited to legacy newspapers. The newspapers studied here may present uncertainty and 
conflict differently than television news coverage studied in the context of changing 
mammography recommendations (Nagler et al., 2019). Certainly, these forms of legacy 
media differ substantially from social media, the subject of other recent research on e-
cigarettes that grapples with the methodological difficulties of coding such vast 
collections of user-generated content (Gibson et al., 2019). While the present research 
cannot address the prominence of these messages in media outside legacy newspapers or 
contexts outside e-cigarettes, these questions could be particularly relevant to research 
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studying the way individuals use social media to share health and science news. Might 
articles emphasizing conflict increase subsequent online disagreement when shared on 
social media? Does use of either limited evidence or conflict messages inhibit or 
accelerate diffusion on social media? Measuring the prevalence of these features and their 
proliferation with scalable approaches online—and for topics of scientific research 
besides e-cigarettes—would contribute significantly to this line of inquiry. 
The present study leveraged a change in stated expert consensus on e-cigarettes to 
evaluate changes in subsequent news coverage about e-cigarette uncertainty. While I 
attempt to unpack explanatory mechanisms for the observed change in coverage using 
post hoc analysis, this limitation is inherent to the study’s design.  
The low prevalence of conflict and limited evidence messages—let alone mention 
of e-cigarette research—observed in this population suggests limited exposure to these 
messages in audiences, with perhaps subsequently limited effects. Despite the limited 
potential for exposure to conflict observed in this population, previous research suggests 
that even a single dose of conflict could have lasting effects for scientific understanding 
and public health (Nagler & LoRusso, 2017). Thus, my subsequent studies measure the 
effects of even single exposures of conflict messages on public understanding and 
behaviors. Measuring these effects remains an interesting problem as scientific 
uncertainty is likely to be resolved over time, but the effects of exposure to conflict could 
persist over time. Lingering misperceptions of available evidence—and the effects these 
beliefs may have on interpretations of subsequent expert recommendations—could pose 
immense consequences for public health. As the sudden rise of EVALI in the United 
States in 2019 prompted recommendations to abstain from e-cigarettes, may earlier 
35 
exposure to information about scientific uncertainty affect compliance with changing 
recommendations? Can this crisis for science communicators bring with it a resurgence 
of conflict messages in coverage? For topics of pressing policymaking importance, 
communicators must find ways to accurately report on the state of available evidence 
with the expectation that evidence changes, crises emerge, and expert voices must remain 
credible to publics and policymakers.  
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Chapter 3 – Study 2: Validating Differential Effects of Scientific Uncertainty 
Information on Perceptions of Experts Disagreement 
Introduction 
The preceding content analysis measured the prevalence of two types of messages 
about scientific uncertainty regarding e-cigarettes: one message type that emphasized 
conflict, and another that emphasized limited evidence. In the content analysis, the 
publication of a NASEM consensus study report intended to update policymakers on the 
current state of evidence corresponded with some decrease in the prevalence of messages 
about conflict in e-cigarette coverage. However, merely documenting changes in 
coverage during this period cannot measure how such changes could impact the news-
reading public’s perceptions of experts, let alone intentions to follow expert 
recommendations.  
In this chapter, I take the first step in extending this work towards an 
understanding of the effects of exposure to such messages using an experimental test. 
After manipulating the presence of conflict and limited evidence messages in articles 
about e-cigarettes, I observe whether messages differentially affect perceived expert 
disagreement and uncertainty. I anticipate that perceived expert disagreement is a 
necessary precondition for the hypothesized effect of conflict messages on attitudes and 
behavioral intentions. If individuals perceive messages about conflict as an indicator of 
expert disagreement, then this negative perception of experts may be the grounds on 
which such messages create deleterious spillover effects for intended health behaviors. 
Additionally, if individuals perceive messages about limited evidence as an indicator of 
experts’ willingness to admit uncertainty, then this potentially positive perception of 
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experts may be the grounds on which such messages create beneficial (or perhaps just 
neutral) effects towards intended health behaviors. Therefore, this study focuses first on 
establishing the causal link between exposure to the two kinds of uncertainty messages 
identified in the prior study and subsequent perceptions of experts. 
Hypotheses and Research Questions 
Research in health communication has suggested that conflicting health 
information may have negative effects on health behaviors, both regarding the behavior 
at the center of this conflict and other cognitively related health behaviors (e.g., 
spillover). However, extending the hypothesis about conflicting health information to the 
domain of conflict messages as defined in the previous study requires a causal link from 
exposure to conflict messages to perceptions of expert disagreement. If messages about 
conflict affect perceptions of expert disagreement, these perceptions are likely driving the 
effect of exposure on attitudes and health behaviors, related and spillover. Thus, I 
hypothesize: 
H1: Conflict messages increase perceptions of expert disagreement, compared to 
limited evidence messages and control messages. 
This series of studies identifies the ways scientific uncertainty about emerging 
science issues may be presented as conflict within the science, but uncertainty may also 
be presented in terms of the limited evidence available to science, as the previous study 
demonstrates. However, previous research on this topic has not specifically measured the 
effects such messages produce. Do messages that present scientific uncertainty as limited 
evidence produce distinct effects from conflict messages? As I have speculated in the 
previous chapters, perceptions of uncertainty that are not rooted in conflicting evidence 
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could avoid the adverse outcomes of conflict messages. Should this be the case, then 
messages about limited evidence would not increase perceptions of expert disagreement 
but would increase other perceptions of experts. Here, I speculate on one alternative 
which would not produce adverse effects on attitudes and health behaviors would be 
perceptions of expert willingness to admit uncertainty. This hypothesis expands on the 
previous research on hedging and the beneficial results for public trust when admitting 
uncertainty in the results of research (Jensen, 2008). Following the framework of the 
previous hypothesis, it would stand to reason that limited evidence messages should 
therefore increase perceptions of expert willingness to admit uncertainty. Thus, I 
hypothesize: 
H2: Limited evidence messages increase perceptions of expert willingness to 
admit uncertainty, compared to conflict messages and control messages. 
As observed in the previous study, both types of uncertainty messages can and do 
occur together within the same articles. Previous research has not addressed this problem 
of cooccurrence of different ways of conceptualizing scientific uncertainty are present 
within the same exposure. I hypothesize that exposure to messages that include 
uncertainty presented as both conflict and limited evidence will subsequently affect both 
perceptions of expert disagreement and expert willingness to admit uncertainty. Such 
messages could make experts look poorly to an audience: in the face of little available 
evidence, individuals still find ways to disagree? However, these disagreements are 
rooted in the interpretation of uncertainty. This outcome seems understandable in a 
context like this, where judgments about which public health actions are best to take can 
invoke moralistic and philosophical tones (what risk are we willing to accept, and who 
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can ethically accept that risk?). This caveat is worth noting to understand both why 
conflict and limited evidence messages co-occur and what their hypothesized impact 
could be. Two hypotheses follow. 
H3a: Messages including both conflict and limited evidence will increase 
perceptions of expert disagreement, compared to control messages without 
either type of scientific uncertainty. 
H3b: Messages including both conflict and limited evidence messages will 
increase perceptions of expert willingness to admit uncertainty, compared to 
control messages without either construal of scientific uncertainty. 
The design of this study (discussed in more detail below) includes multiple 
instances of candidate messages within conditions. Employing multiple instances within 
a stimulus set supports the generalizability of observed treatment effects by avoiding 
confounding between the category of messages I aim to test and any individual cases 
included as stimuli (Jackson et al., 1989). In this design, differences between candidate 
messages within conditions could produce qualitatively different effects. Therefore, this 
study also asks whether all stimuli within condition perform similarly on hypothesized 
outcomes, thereby generalizing to what I hypothesize is a cohesive set of examples within 
this category of messages. If some stimuli perform distinctly differently than others 
within the condition on the outcomes I intended to manipulate, I may choose to exclude 
the stimuli from further research. I ask the following research question: 
 RQ1: Do all stimuli instances within condition equivalently produce the 
hypothesized effects on perceptions of expert disagreement and expert 
willingness to admit uncertainty? 
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While I have hypothesized that messages differing on their construal of scientific 
uncertainty will produce different effects on perceptions of expert disagreement and 
expert willingness to admit uncertainty, it may be the case that these manipulated levels 
also inadvertently correspond with changes in other subjective evaluations of messages. 
For example, it could be that conflict messages, by virtue of including conflicting 
arguments and counterarguments about e-cigarettes, will provide more arguments about 
e-cigarettes compared to the other three conditions, thereby increasing perceived
argument strength of the messages. If either a single message within a condition (or a set 
of conditions) was unexpectedly high or low on any of these unintended effects, it may 
confound my causal argument about what message features produce effects in the 
subsequent study. While I did not intend to manipulate these features within or between 
categories, I did measure a set of unintended subjective message effects to answer the 
following research question: 
RQ2: Do all stimuli instances 1) within conditions and 2) between conditions 
produce similar effects on unintended subjective message features, including 
non-narrative engagement, memorability, informativeness, argument 
strength, and negative emotional engagement? 
Method 
Sample 
This study (N=457) recruited adult (ages 25 and older) American current and 
former smokers, established by having smoked at least 100 cigarettes in their lifetime, 
from Amazon’s Mechanical Turk (MTurk). Previous experience with e-cigarettes or 
vaping were not criteria for eligibility, but items about previous use of e-cigarettes were 
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collected as a potential covariate. For online experimental studies using convenience 
samples, message effects are generalizable to those in high-quality probability samples; 
however, representativeness in online convenience samples of current and former 
smokers can overestimate some demographic (e.g., more respondents with college 
education in convenience samples than prevalent for American adult current and former 
smokers) and behavior prevalence (e.g., more e-cigarette use in convenience samples) 
(Jeong et al., 2018). To account for some concerns of representativeness in a convenience 
sample, this study put into place an education quota to match the rates of education 
among U.S. adult current and former smokers using the Health Information National 
Trends Survey (HINTS-FDA) 2015 data (Blake et al., 2016). This quota meant collecting 
a sample with 11% less than a high school diploma, 21% with a high school diploma or 
equivalent, 32% with vocational training or some college, and 36% with a bachelor’s 
degree or higher.    
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Design 
Figure 2: Flowchart of Study 2 design. “RA” refers to random assignment
This message validation employed a mixed design, as depicted in Figure 2. 
Participants were initially randomly exposed to one of four conditions, completed an 
initial set of outcome measures, and subsequently exposed to one of the three remaining 
conditions to complete a subsequent set of outcome measures, creating 12 possible 
condition pairings. In the first exposure of the condition pairing, participants evaluated 
whether the experts referenced in the message they just read were in conflict and were 
willing to express uncertainty. After completing these judgments about the first message, 
participants were exposed to a second message and subsequently evaluated the two 
messages they read in comparison: in which message experts disagreed more and in 
which message experts expressed more uncertainty. Because this second set of outcomes 
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the three conditions to which a participant had not already been exposed. I offer more 
details about the absolute and comparative judgment outcomes in the “Measures” section. 
Condition 1 (conflict) uses conflict messages observed in the content analysis 
without including any limited evidence messages. Condition 2 (limited evidence) uses 
limited evidence messages observed in the content analysis without including any 
conflict messages. Condition 3 (combined) uses both conflict and limited evidence 
messages observed in the content analysis. Condition 4 (control) includes messages from 
the content analysis that discuss e-cigarettes (e.g., how long e-cigarettes have been on the 
market, how they produce vapor, and what classes of products fall under the umbrella of 
“e-cigarettes”) but do not include either conflict or limited evidence messages. This 
control provides for a conservative test of the effects of either construal of scientific 
uncertainty, as the control messages still contain e-cigarette content. Details of stimuli 
creation are discussed in further below. 
For each condition exposure, participants were randomly exposed to one stimulus 
serving as an exemplar instance of that condition to avoid issues of the case-category 
confound discussed previously (Jackson et al., 1989). As each of the four conditions 
included five stimuli for evaluation, this resulted in 20 total stimuli to evaluate. Previous 
research on message evaluation concludes that n=23 to 25 evaluators per message 
provides sufficient power (Kim & Cappella, 2019). Given this study’s between-subjects 
design, with 23 evaluators per stimulus instance, with four conditions and five stimuli 




As mentioned above, each stimulus was designed as a composite of news articles 
from the content analysis. All stimuli were written to appear as a typical online news 
story, although neither news outlet nor byline are presented to the participant. For each 
condition, stimuli synthesized multiple excerpts from articles coded as including the 
relevant feature from the content analysis.  
To illustrate stimulus design, I will first describe an example from the conflict 
condition (Condition 1). All candidate messages in this condition discussed ongoing 
disagreement about e-cigarettes over 1) whether e-cigarettes can be used for smoking 
cessation, and 2) possible issues of safety and risks of using e-cigarettes. An example 
stimulus in the conflict condition (see Appendix B) included a headline about conflict 
(e.g., “Battles rage over e-cigarettes, sparking heated debate among experts”) designed as 
a composite headline from those of the Atlanta Journal-Constitution (7/12/18), The 
Washington Post (6/4/18), and the New York Times (1/24/18). The lede of the same 
stimulus instance was taken from the Philadelphia Inquirer (2/6/17) (“For a decade, 
scientists have debated the safety of e- cigarettes”). The body of the stimulus article 
included additional conflict messages observed in Reuters (7/6/18), the United Press 
International newswire (1/11/18), and the Wall Street Journal (4/4/18). The stimulus’s 
conclusion featured another excerpt from the Washington Post (6/4/18): “scientists 
remain in disagreement over their safety and use for smoking cessation.” Thus, this 
stimulus included conflict messages in every location—headline, lede, body, and 
conclusion—to create the strongest possible dose of the manipulation compared to any 
one article including a conflict message selected at random from the corpus. In all, this 
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477-word stimulus included excerpts taken from twelve unique news articles, woven
together to make a coherent message about ongoing conflict among experts over e-
cigarettes.  
Differences between stimuli high on conflict and those low on conflict are 
noticeable in comparing the previous example’s lede (“For a decade, scientists have 
debated the safety of e- cigarettes: Are they safer than tobacco? Can they help people quit 
smoking?”) to an example from the limited evidence condition adapted from the same 
previously used Atlanta Journal-Constitution article (7/12/18): 
In a national consensus report of experts studying e-cigarettes, answers about e-
cigarettes stood side-by-side with unanswered questions about their long-term 
health effects. Experts are demanding more research so that the effects of nicotine 
in the amounts and context of e-cigarettes can be properly understood. 
(Condition 2, instance 1) 
Here, rather than framing the information as expert disagreement, uncertainty is 
presented as a question demanding further inquiry.  
The hybrid condition demonstrates both conflict and limited evidence messages. 
One hybrid stimulus lede comes from the previously used Washington Post article 
(2/15/17): “It's one of the most intensely debated questions in drug abuse research, but 
the current answer is unsatisfying: We need more evidence to clearly say who's right” 
(Condition 3, instance 2).  
Finally, control stimuli include messages omitted in the content analysis for either 
conflict or limited evidence. For example, this lede from the San Francisco Chronicle 
(5/27/18) describes e-cigarettes in terms without invoking expert disagreement or expert 
uncertainty: “E-cigarettes come in many shapes and sizes and are known by many 
different names. They are sometimes called e-cigs, e-hookahs, mods, vape pens, vapes, 
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tank systems, and electronic nicotine delivery systems, or ENDS” (Condition 4, instance 
5). All stimuli within this condition explained the mechanism by which e-cigarettes 
worked and additional information about possible e-cigarette constituents, including 
flavoring, propylene glycol, glycerin, and nicotine (“While not all e- cigarette products 
contain nicotine, those that do can contain varying levels;” USA Today, 2/7/17). 
Stimuli within conditions varied in several regards, with these variations intended 
to serve two aims. First, this variability may prove to produce stronger stimuli within the 
message validation test, which can then proceed to be tested against other classes of 
messages in a subsequent experimental test to determine effects on health attitudes and 
behaviors. Second, this design aims to generalize the effects observed to the overall class 
of conflict messages by varying which articles from the content analysis were included in 
each stimulus. Ultimately, this strategy for crafting experimental stimuli lends a stronger 
argument towards improved causal inference without sacrificing ecological validity. All 
stimuli are included in Appendix B.  
The first of the features varied within condition was article length. From the 
content analysis, the average wordcount of articles with at least one feature was 465 
(compared to an average wordcount of 745 words per article in those without any coded 
feature and a global mean of 561 words per article). To mimic the average observed 
article length without producing undue burden on participants, all conditions averaged 
around 400 words per article (see Table 5). Within conditions, article length varied, with 
all conditions including at least one article at or less than 300 words. Shorter articles 
included the manipulated features in all locations of the text, but manipulating this feature 
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allowed for greater assurance that any observed effects were not the result of a length-
equals-strength heuristic or some other participant inference regarding article length. 























Conflict 5 410.2 23.70 7.12 3.96 -3.16
Limited 
evidence 
5 374 21.58 3.55 2.86 -0.69
Combined 5 386 21.54 4.49 4.33 -0.16
Control 5 356.8 19.50 2.52 2.68 0.16 
Additionally, stimuli varied within condition on whether named experts were 
cited and quoted, thus reflecting the media environment from which they were drawn. 
Although few articles in the content analysis quoted and cited experts in conflict, quoting 
scientists and their institutional affiliations is a common practice in print science 
journalism on ongoing research topics, like genetics (Conrad, 1999). Stimuli also varied 
by whether the NASEM report is mentioned, reflecting another result of the content 
analysis. I did not hypothesize such variations would affect perceptions of expert 
disagreement or expert willingness to admit uncertainty. 
Further, all stimuli within experimental conditions varied on the order in which 
arguments were presented. In the conflict condition, articles varied on whether 
conflicting evidence in favor of or against the safety of e-cigarettes was presented first 
(which could attenuate a potential negativity bias within participants), or whether all 
evidence was presented on a topic-by-topic basis (e.g., What are the constituents in e-
cigarette vapor? Are e-cigarettes effective for smoking cessation?). The limited evidence 
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condition also varied argument order on a topic-by-topic basis, as the key feature of 
uncertainty did not suggest any claims favorable or unfavorable to e-cigarettes. The 
combined condition stimuli also included both claims about cessation and safety and risks 
associated with e-cigarettes, with both sets of claims including conflict and limited 
evidence messages. I did not hypothesize that variations in argument order within 
condition would affect perceptions of expert disagreement or expert willingness to admit 
uncertainty. 
Finally, all stimuli within condition differed based on the content analysis articles 
from which they were adapted. For example, all articles in the limited evidence condition 
included a section about the inconclusive evidence on whether e-cigarettes are effective 
for smoking cessation. In the content analysis, this topic was commonly discussed across 
articles that included limited evidence messages. Thus, candidate messages incorporated 
excerpts taken from (but not attributed to) multiple sources with redundant claims about 
this limited evidence. I did not hypothesize these variations in content would affect 
outcome measures. 
While differences across conditions are determined by the dictionary-based 
approach of the content analysis, I also sought another dictionary-based approach to 
validate these differences. I posit here that conflict messages are, by their very nature, 
inherently rife with negative words; in the content analysis codebook, some words used 
to identify this feature included “synonyms of debate, conflict, disagreement, arguing, 
and fighting.” As such, conflict condition stimuli should include significantly more words 
with negative valence than stimuli in the limited evidence condition, with the combined 
condition falling somewhere in between (and the control condition with few words with 
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negative valence). I used a Linguistic Inquiry and Word Count (LIWC) dictionary in the 
R package “quanteda” (v 1.3.4) to determine the number of words with negative and 
positive valence in all stimuli. The results of this validation are also presented in Table 5. 
Measures. 
Following exposure to the first stimulus in their first assigned condition, 
participants completed four measures I will subsequently describe as their absolute 
judgments of the stimulus—that is, evaluations of the stimulus with no benchmark or 
comparison. First, participants reported their perceptions of expert disagreement and 
expert willingness to admit uncertainty. Both scales have been previously developed in 
research about expert disputes over forecasting across domains like environmental risk 
(Dieckmann, Johnson, et al., 2017). These measures were adapted here for relevance to e-
cigarette information and expanded to include more theoretically motivated items, 
increasing the number of items for perceived expert willingness to admit uncertainty from 
two to five. Both measures are five-point Likert scales and are included in Table 6. While 
the two scales’ outcomes are differently labeled, both discuss how experts reflect the state 
of uncertainty in ongoing research as either in agreement—i.e., are willing to admit 
uncertainty—or in disagreement. Additionally, I piloted a new set of items for both 
expert disagreement and uncertainty, rated on a four-point scale, in case the previously 
employed measures for perceived expert disagreement and willingness to admit 
uncertainty did not prove adaptable in this context (e.g., exhibited low interitem 
reliability). These piloted “describing experts” measures may serve as another indicator 
of this larger construct of perceived expert disagreement and expert uncertainty. 
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Table 6: Measures of perceived expert disagreement and willingness to admit uncertainty 









Based on the article you just read, answer these questions about the 
experts described in the article. Did the experts mostly agree or disagree 
about… 
1 …the effects of e-cigarettes?  1 - Mostly agree 
2 - Sometimes 
agree 
3 - Neither agree 
nor disagree 
4 - Sometimes 
disagree 
5 - Mostly disagree 
2 …how to interpret the results of e-cigarette 
research? 









Based on the article you just read, are the experts described in the article 
willing to admit… 
1 …uncertainty about e-cigarettes? 1 - Not willing 
2 - Slightly willing 
3 - Moderately 
willing 
4 - Mostly willing 
5 - Very willing 
2 …lack of knowledge about e-cigarettes? 
3 …needing more evidence about e-cigarettes? 
4 …the effects of e-cigarettes are unclear? 





Based on the article you just read, how well does each of the following 








1 The experts disagree with each other. Describes experts 
as a group… 
1 - Not well at all 
2 - Not too well 
3 - Pretty well 
4 - Very well 
2 The experts debate each other. 
3 The experts oppose each other. 
4 The experts are in conflict. 






1 The experts are unsettled. 
2 The experts are uncertain. 
3 The experts are unsure. 




While all stimuli were deliberately crafted according to the results of the content 
analysis—where definitions of conflict and limited evidence were operationalized in the 
dictionary-based coding—it stands to reason that observed differences between instances 
could include other features not intentionally manipulated. As discussed in the section on 
stimulus development, manipulations of negative words in candidate messages with 
conflict messages may also increase negative emotions; therefore, without measuring 
negative emotions, I may be capturing this other cognitive or emotional outcome when 
measuring of perceived expert disagreement. Thus, in addition to evaluating the levels of 
stated expert disagreement and uncertainty, participants evaluated their first candidate 
message on a set of outcomes that 1) may unintentionally differ within and between 
conditions and 2) previous research suggests are likely to affect persuasive outcomes. I 
refer to these outcomes as unintended subjective message features, as they are not 
observable to the message designer but may be perceived by the audience (O’Keefe, 
2003). Unintended subjective message features in this study included non-narrative 
engagement, memorability (single item), informativeness (single item), argument 
strength (Zhao et al., 2011), and negative emotional engagement. This list is certainly not 
exhaustive of every difference that could exist within or between conditions, but these 
outcomes prioritize differences that could likely exist between stimuli to affect 
subsequent perceptions. Results of reliability analysis for these outcomes are included in 
Table 6 and Appendix C.  
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Following completion of the absolute judgment evaluations, participants were 
exposed to a second stimulus instance from the second randomly assigned condition 
within their pair. As an example, a participant randomly exposed to the conflict condition 
for absolute judgments will then be exposed to the limited evidence, combined, or control 
conditions. Following this second exposure to a candidate message from a different 
condition, participants completed what I will subsequently refer to as comparative 
judgments. If it were the case that judgments about perceived levels of stated expert 
disagreement or uncertainty were difficult to evaluate in absolute terms—i.e., were the 
experts in the article disagreeing or not? How much were they disagreeing?—then 
changing the question to a comparative one—i.e., did the experts disagree more in this 
article or that article?—could be less cognitively demanding for participants. Evaluating 
level of stated expert disagreement or uncertainty here may be akin to judging height, 
where asking for an exact estimate of a stranger’s height requires more mental exertion 
than judging whether they are taller than any person standing beside them. Thus, 
including absolute and comparative judgments provided multiple outcomes for 
determining any differences perceptible to participants. These comparative judgments 
asked subjects to determine, in their opinion, (1) in which article the experts disagreed 
more, and (2) in which article the experts admitted more uncertainty. In completing these 
evaluations, participants were reminded of the two articles they just read by re-exposing 
them to the headline and lede of each article, labeled as Articles 1 and 2 (based on order 
of exposure). Since the titles and ledes of all articles included the relevant feature(s) of 
the manipulation, this additional exposure likely eliminated issues with accurate recall 
and put the candidate messages in striking relief to each other.  
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After all primary (absolute judgments, unintended subjective message features) 
and secondary (comparative judgments) outcome measures, I included an attention check 
and standard demographic measures for gender, ethnicity, race, income, political 
ideology, and political party. Only 9 of 457 participants (2.0%) failed the attention check, 
so all results reported include the full sample of participants. 
Results 
In this section, I first describe sample descriptive statistics, including the observed 
educational attainment compared to the intended quota and any differences across 
conditions on eligibility criteria, combustible cigarette use, and e-cigarette use items.2 
Next, I include analyses responding to the two research questions. Analyses of 
descriptive statistics and research questions was necessary before moving to hypothesis 
testing as the results of these research questions may inform the addition of any necessary 
controls or the exclusion of any stimuli within conditions from further analysis. First, I 
assess whether there are any within-condition differences between candidate messages on 
absolute judgments for expert disagreement or uncertainty. Second, I examine whether 
differences both within and between conditions exist for unintended subjective message 
features of candidate messages. Finally, I report results from the three hypotheses 
regarding differences between conditions on perceived levels of expert disagreement and 
uncertainty. For each hypothesis, I discuss observed differences between conditions on 
2 Appendix C includes analyses assessing the reliability of outcomes and item correlation 
within and between scales are included in Appendix C. As adapted and piloted scales 
were significantly positively correlated among concepts of expert disagreement and 
expert uncertainty and negatively or not correlated between concepts as expected, both 
sets of adapted and piloted measures are reported for all hypotheses. 
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absolute judgments, which include both the adapted and piloted measures for perceived 
expert disagreement and uncertainty. All analyses were conducted in R version 3.5.3. 
In Appendix C, I include results for Hypotheses 1, 2, 3a, and 3b using observed 
differences between conditions on comparative judgments, as these were not the primary 
outcomes for hypothesis testing and do not qualitatively differ in interpreting hypotheses 
from the primary judgments. 
Sample Characteristics 
Fewer participants with less than high school education were included in the 
sample, whereas bachelor’s degree or higher participants were oversampled compared to 
national rates among current and former smokers (see Table 7). While this result does not 
match the intended quota of educational attainment for American adult current and 
former smokers based on HINTS-FDA data, it does correspond with the results of other 
tobacco media research on MTurk (Jeong et al., 2018). 
Table 7: Study 2 education quota results versus target quota 











n  8 98 155 196 
% (of N=457) 1.7% 21.4% 33.9% 42.9% 
HINTS-FDA 
2015 target % 
11.0 21.0 32.0 36.0 
Now we turn to any possible differences between randomized exposure to 
condition (for the first exposure) across eligibility criteria and smoking- and vaping-
related characteristics of the sample. In this analysis featured in Table 8 below, I note one 
case of statistically significant difference between conditions. Current e-cigarette users 
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were significantly more likely to have been randomly assigned to the conflict condition, 
F(3, 456)=3.37, p=.019. In subsequent analyses evaluating the effects of conditions on 
outcomes, I simultaneously ran analyses controlling for current e-cigarette use. As no 
results differed qualitatively and all planned contrasts remained significant, I proceed to 
report the results of analyses while not controlling for e-cigarette use. I report the results 
of hypothesis testing controlling for current e-cigarette use in Appendix C. 


































































































































Research Question 1 
First, I assessed whether stimuli within conditions differed significantly on 
intended outcomes. Here, I was particularly concerned that all stimuli were rated 
similarly on the features they were intended to manipulate. If stimuli differed 
significantly within conditions on key features, this might be grounds for excluding those 
messages from further analysis, on the basis that they do not reflect their intended 
category. This meant especially focusing on evaluations of expert disagreement for 
combined and conflict messages and focusing on evaluations of expert uncertainty for 
combined and limited evidence messages. Analysis proceeded by using between-subjects 
one-way ANOVA to test for any differences between means on each outcome, as 
depicted in Table 9. For any significant F test statistics, I evaluated differences post hoc 
to determine which contrasts were driving the significant result. 












































































































































































































































































Note. “Perceived expert” outcomes are rated on 5-point Likert scales. “Describing 
experts” outcomes are rated on 4-point scales. Significant (p < .05) F values noted with 
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an asterisk (*). Number of evaluators are reported per candidate message in 
parentheses. 
As depicted in Table 9, in the conflict condition, differences between stimuli on 
perceived expert disagreement, describing experts’ disagreement, and perceived expert 
willingness to admit uncertainty were not statistically significant. However, candidate 
messages were significantly different on the describing experts’ uncertainty outcome, 
F(4, 110)=10.27, p<.01. This significant difference is driven by the difference between 
articles 3 and 5, with article 3 having the lowest score on uncertainty and article 5 having 
the highest. In the messages about limited evidence condition, there were no statistically 
significant differences on any of the primary absolute judgment measures. This result 
suggests that all stimuli in the limited evidence condition are comparably capturing 
expert uncertainty and disagreement. Similarly, there were no statistically significant 
differences between stimuli on primary absolute judgments for the combined messages 
condition. This also suggests moving forward for future study with the full set of 
combined stimuli to compare conditions in hypothesis testing.  
Finally, I assessed control messages for any differences across primary absolute 
judgment outcomes. There were no statistically significant differences between 
conditions on either expert disagreement outcomes. However, there were statistically 
significant differences between control stimuli on perceived expert willingness to admit 
uncertainty, F(4, 115)=8.60, p<.01, and describing experts’ uncertainty, F(4,115)=8.60, 
p<.01. Post-hoc contrasts suggest that article 4 is significantly lower than articles 1, 2, 
and 5 on this pair of outcomes. 
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In sum, there were few differences within conditions on absolute judgment 
outcomes. Implications for the few statistically significant differences noted above are 
discussed in more detail in the Discussion section. No stimuli were excluded on the basis 
of these results from hypothesis tests. 
Research Question 2 
While the forthcoming hypotheses test for differences between conditions on 
absolute judgments of stimuli, and the previous research question evaluated differences 
within conditions on these same features, other differences may exist both within and 
between conditions for unintended subjective message features. As previously discussed, 
the possible differences measured in this study included non-narrative engagement, 
argument strength, and negative emotions.3 For this second research question, I evaluated 
whether differences exist both within and between conditions on said features. Ideally, 
neither the stimuli within nor between conditions would differ significantly on these 
unintended features. To answer this question both within and between conditions, I used 
between-subjects, one-way analysis of variance, following with post-hoc tests for any 
observed differences. 
Differences Within Conditions on Unintended Subjective Message Features. 
Table 10 below displays means for unintended subjective message features for all stimuli, 
testing for any differences within conditions. Across unintended subjective message 
features for control, combined, and conflict conditions, there were no significant 
3 As detailed in Appendix C, non-narrative engagement here also includes single items 
for memorability and informativeness, given excellent scaling between the items and 
conceptual overlap. 
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differences within conditions for stimuli. However, I did note significant differences 
among stimuli in the limited evidence condition on argument strength, F(4, 106)=2.62, 
p=.04, as article 5 ranked lowest in argument strength and article 3 ranked highest. 
Table 10: Mean differences on unintended subjective message features within conditions 
Non-narrative 
engagement 







































































































































































































Note. All outcomes are rated on 5-point Likert scales. Significant (p < .05) F values 
noted with *. Number of evaluators are reported per candidate message in parentheses. 
No other differences were observed within other conditions on non-narrative 
engagement, argument strength, or negative emotions, nor were other differences 
observed within the limited evidence condition on non-narrative engagement or negative 
emotions. 
Differences Between Conditions on Unintended Subjective Message Features.  
After evaluating differences on candidate messages between conditions, I assessed 
whether there were any significant differences on unintended subjective message features 
between conditions. Any observed differences between conditions would suggest that the 
manipulated feature also inadvertently manipulated other features that should be 
controlled in further analysis. For this analysis, all experimental conditions were tested 
for significant differences from control. 
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Table 11 compares the means by conditions on non-narrative engagement. Non-
narrative engagement was significantly lower in the control conditions than in any of the 
experimental conditions, F(4, 452)=7.17, p<.01. 
Table 11: Comparison of condition means on non-narrative engagement 
No conflict message Conflict message 
No limited evidence 
message 
3.81a 4.06b 
Limited evidence message 4.07b 3.96b 
Note. Coefficients denote significant difference from control condition, p < .01 
Table 12 compares the means by conditions on argument strength. Argument 
strength did not differ significantly across conditions, F(4, 452)=1.16, p=.282. 
Table 12: Comparison of condition means on argument strength 
No conflict message Conflict message 
No limited evidence 
message 
3.92 4.02 
Limited evidence message 4.07 4.01 
Table 13 compares the means by conditions on negative emotions. Negative 
emotions did not differ significantly across conditions, F(4, 452)=0.37, p=.543. 
Table 13: Comparison of condition means on negative emotions 
No conflict message Conflict message 
No limited evidence 
message 
1.73 1.94 
Limited evidence message 1.81 1.98 
Given the significant effect of experimental conditions on non-narrative 
engagement, analyses proceeded for hypothesis testing by comparing results that do and 
do not control for non-narrative engagement. As was the case for analyses controlling for 
current e-cigarette users, results of hypothesis testing do not qualitatively differ when 
controlling for non-narrative engagement. Therefore, any subsequently reported 
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differences between conditions cannot be explained by differences in stimuli on non-
narrative engagement (or differences between participants on current e-cigarette use). 
Analyses that follow in the main text do not control for either non-narrative engagement 
or vaping status. The results of this analysis are reported in Appendix C.  
Hypothesis 1 
I used between-subjects, two-way analysis of variance to evaluate the effect of 
high levels of stated expert conflict on absolute judgments of expert disagreement. 
Hypothesis 1 states that messages in the conflict condition should produce significantly 
higher perceptions of expert disagreement than conditions without a conflict message—
i.e., limited evidence and control. Conditional means for perceived expert disagreement
are presented in Table 14 and Table 15 below, differing upon whether the outcome 
measure was the adapted or piloted version for this study.  
Table 14: Comparison of condition means for perceived expert disagreement (adapted) 
No conflict message Conflict message 










Note. This outcome was measured on a 5-point scale. Standard deviations are depicted 
in parentheses. Shared superscripts denote no significant difference between 
coefficients in planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p = .011) 
c H1: conflict > limited evidence and control (p < .001) 
Table 15: Comparison of condition means for describing experts’ disagreement (piloted) 
No conflict message Conflict message 











Note. This outcome was measured on a 4-point scale. Standard deviations are depicted 
in parentheses. Shared superscripts denote no significant difference between 
coefficients in planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p < .001) 
c H1: conflict > limited evidence and control (p < .001) 
Planned contrasts reveal that the conflict condition, when compared to the limited 
evidence condition, produced significantly higher levels of perceived expert 
disagreement, mean difference (Mdiff)=0.97, t(1, 225)=7.16, p<.001, and describing 
expert disagreement, Mdiff=1.18, t(1, 225)=11.30, p<.001. Additionally, when compared 
to control, the conflict condition produced significantly higher levels of perceived expert 
disagreement, Mdiff =0.80, t(1, 234)=6.02, p<.001, and descriptions of experts in 
disagreement, Mdiff=1.15, t(1, 234)=11.25, p<.001.This analysis from the absolute 
judgment outcomes supports Hypothesis 1, that the conflict message significantly 
increases perceptions of expert disagreement, compared to the limited evidence message 
or neither type of uncertainty message. 
Hypothesis 2 
I used between-subjects, two-way analysis of variance to evaluate the effect of the 
limited evidence messages on absolute judgments of expert uncertainty. Hypothesis 2 
states that e-cigarette uncertainty presented with a limited evidence message should 
produce significantly higher perceptions of expert uncertainty than e-cigarette uncertainty 
presented as conflict or control messages not about e-cigarette uncertainty. Conditional 
means for perceived expert uncertainty and expert willingness to admit uncertainty are 
presented in Table 16 and Table 17 below, differing upon whether the outcome measure 
was the adapted or piloted version for this study. 
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Table 16: Comparison of condition means on perceived expert willingness to admit 
uncertainty (adapted) 
No conflict message Conflict message 










Note. This outcome was measured on a 5-point scale. Standard deviations are depicted 
in parentheses. Shared superscripts denote no significant difference between 
coefficients in planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control (p < .001) 
H3b: combined (conflict & limited evidence) > control (p < .001) 
Table 17: Comparison of condition means on describing experts’ uncertainty (piloted) 
No conflict message Conflict message 










Note. This outcome was measured on a 4-point scale. Standard deviations are depicted 
in parentheses. Shared superscripts denote no significant difference between 
coefficients in planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control (p < .001) 
H3b: combined (conflict & limited evidence) > control (p < .001) 
Planned contrasts reveal that the limited evidence messages produced 
significantly higher levels of perceived expert willingness to admit uncertainty, 
Mdiff=1.14, t(1, 225)=9.19, p<.001, and descriptions of experts’ uncertainty, Mdiff=0.71, 
t(1, 225)=6.58, p<.001, both compared to conflict messages. Additionally, when 
compared to the control condition, limited evidence messages produced significantly 
higher levels of perceived expert willingness to admit uncertainty, Mdiff=0.93, t(1, 
230)=7.58, p<.001, and describing experts’ uncertainty, Mdiff=0.72, t(1, 230)=6.78, 
p<.001. This result supports Hypothesis 2, that messages including limited evidence 
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messages significantly increase perceptions of expert uncertainty, compared to e-cigarette 
messages without limited evidence language. 
Hypothesis 3a  
I hypothesized that combined messages—articles including both kinds of e-
cigarette uncertainty messages—would increase perceptions of expert disagreement 
compared to control messages in particular. This hypothesis did not anticipate any 
observed differences between articles with the combined messages and articles with only 
either the conflict messages or the limited evidence message. To test this hypothesis, I 
used a planned contrast within the between-subjects, one-way analysis of variance. The 
results of this planned contrast are depicted above in Table 14 and Table 15. Compared to 
control, messages including both types of uncertainty information were significantly 
more likely to increase perceived expert disagreement, Mdiff=0.34, t(1, 230)=2.55, 
p=.011, and describing expert disagreement, Mdiff=0.50, t(1, 230)=4.89, p<.001. This 
result supports Hypothesis 3a. 
Hypothesis 3b  
I additionally hypothesized that combined messages would increase perceptions 
of expert uncertainty compared to control messages in particular. This hypothesis did not 
anticipate any observed differences between combined messages and either uncertainty 
message in isolation. To test this hypothesis, I used a planned contrast within the 
between-subjects, one-way analysis of variance. The results of this planned contrast are 
depicted above in Table 16 and Table 17. Messages combining the conflict messages 
with the limited evidence messages were significantly more likely to increase perceived 
expert uncertainty, Mdiff=0.34, t(1, 230)=6.99, p<.001, and describing expert uncertainty, 
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Mdiff=0.72, t(1, 230)=6.78, p<.001. Taking the results of both Hypotheses 3a and 3b, 
evidence supports an additive effect of combining uncertainty messages, wherein the 
presence of conflict with limited evidence significantly increases perceptions of both 
expert disagreement and uncertainty, compared to articles without either type of 
uncertainty information. 
Discussion 
Hypothesized differences between conflict and limited evidence messages were, 
in fact, observable to participants. E-cigarette uncertainty presented as conflict produced 
significant increases on two perception measures of expert disagreement, both when in 
comparison to limited evidence messages and control (H1), and when comparing 
combined messages to control (H3a). These results supporting Hypotheses 1 and 3a link 
conflict—whether that be experts cited in conflict or messages about conflict—with 
associated perceptions of expert disagreement, thereby supporting further experimental 
testing to determine whether such perceptions have deleterious effects on associated 
perceptions of experts that may spill over to intentions for performing healthy behaviors. 
Additionally, e-cigarette uncertainty presented as limited evidence produced 
significant increases on two perception measures of expert uncertainty, both when in 
comparison to conflict messages and control (H2), and when comparing combined 
messages to control (H3b). These results support Hypotheses 2 and 3b link experts’ 
language about limitations present in available scientific evidence with associated 
perceptions of expert uncertainty. This also supports further experimental testing to 
determine whether such perceptions could have hypothetically improved effects on 
spillover intentions, compared to perceptions of expert disagreement. 
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The first research question investigated whether there may be observed 
differences between candidate messages within conditions. There were some observed 
differences on post hoc comparisons, namely for describing experts’ uncertainty in the 
conflict condition and for both measures of expert uncertainty in the control condition. 
Post hoc analyses determined which articles drove those significant differences to 
identify which articles may be considered weaker or stronger for the experimental dose. 
This experimental test purposively used multiple messages to avoid the case-category 
confound. If the previously discussed hypotheses had not been supported in this 
experimental test, I could have used the analysis of this research question to make 
compelling arguments about the possible inclusion or exclusion of certain candidate 
messages based on statistically significant within-condition differences, on the basis that 
these differences made the message an ineffective case within the category. However, 
with the empirical support of all hypotheses, I argue it is more robust for the next step of 
this experimental program to keep all candidate messages. This analysis concluded that, 
in the conflict condition, message 3 is significantly lower on the describing experts’ 
uncertainty measure than message 5, and, in the control condition, message 4 is 
significantly lower values on both perceptions of expert uncertainty measures than 
messages 1, 2, and 5. While these observed differences may be necessary to keep in mind 
for the proceeding experimental study, the messages nonetheless differ between 
conditions on hypothesized outcomes in this study, which was the more crucial outcome. 
Measuring differences between candidate messages is first and foremost in the service of 
ensuring that all cases within the category are satisfactory for making hypothesized 
conclusions about the category. With the empirical support of all hypotheses, there is 
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little need for exclusion of any candidate messages on the results from this research 
question. Thus, this study and its follow-up are designed intentionally to avoid any 
confounding by cases.  
The second research question asked whether candidate messages within and 
between conditions significantly differ on unintended outcomes. In the first stage of 
within-condition analysis, I observed differences within limited evidence candidate 
messages on argument strength, where post hoc contrasts revealed message 3 was 
perceived as significantly higher on argument strength than message 5. As the reader will 
recall from the previous research question, these candidate messages were also 
significantly different on one measure of expert uncertainty, suggesting that perhaps the 
higher perceived uncertainty of message 5 correlated with lower perceived argument 
strength. While this difference is noteworthy, the same conclusions from the previous 
research question are upheld to include all candidate messages in analysis and further 
study. 
The second research question also asked whether message conditions differ 
between each other on these unintentional subjective message features. Here, results 
pointed to significant differences between conditions on non-narrative engagement, and 
no significant differences between conditions on argument strength or negative emotions. 
This result indicates that control messages—those not mentioning e-cigarette 
uncertainty—were significantly less engaging, memorable, or informative than the 
articles including one or both types of e-cigarette uncertainty messages. However, 
analyses of Hypotheses 1, 2, 3a, and 3b were not affected qualitatively by controlling for 
non-narrative engagement (see Appendix C). Subsequently, I have little reason to believe 
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that differences in non-narrative engagement will have any effect on other perceptions or 
intentions that may be affected by either conflict or limited evidence features in further 
experimental testing. 
Additionally, this study noted no substantive differences on results based on the 
different outcomes used, whether those scales be adapted or piloted, or whether the 
evaluations were made following one exposure (absolute judgments) or after two 
(comparative judgments). While I did not hypothesize any differences between the 
adapted perceived expert disagreement/willingness to admit uncertainty outcomes and the 
piloted describing experts’ disagreement/uncertainty outcomes, it stands to the robustness 
of the differences between message conditions that results of hypotheses were 
qualitatively matched regardless of scale. Regardless, I will not using these scales going 
forward to the next study now that candidate messages have been validated. Additionally, 
the results of hypotheses did not differ between the absolute judgments (discussed above) 
and the subsequent comparative judgments (discussed in Appendix C). Concerns with 
cognitive ease for participants’ evaluating a single message were ultimately unfounded, 
as the results of hypothesis testing with absolute judgments suggested participants were 
able to distinguish between levels of expert disagreement and uncertainty without a 
comparative benchmark. This result provides validation that proceeding in a subsequent 
experimental test with a single exposure to the experimental treatment would be 
sufficient. 
Limitations and Next Steps 
Nevertheless, there are limitations in the generalizability of the experimental 
results across three areas. First, the sample did not match the intended quota to reflect the 
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diversity of educational attainment across American adult current and former smokers. 
The over-representation of higher levels of education in this sample may suggest greater 
ease by which participants processed these written experimental stimuli, which threatens 
the validity of this result (and these stimuli) when generalizing to a more representative 
sample, or the full population. Difficulties in recruiting diverse online samples are not 
unique to this study. However, I remain concerned with recruiting a more representative 
sample—particularly on educational attainment—for following studies using these 
stimuli. If the proceeding experimental study using these stimuli were to successfully 
recruit a more representative sample on the basis of educational attainment, some 
concerns may exist that the sample for whom the stimuli were validated (and thus, 
hypothetically designed to test effects on specified outcomes) was highly educated.  
Second, while this study was designed to validated stimuli on intended outcomes 
of expert disagreement and uncertainty, validating that candidate messages and message 
conditions did not differ on other unintended subjective message features was also of 
primary importance. These measures included perceived argument strength, although 
stimuli were not designed to be persuasive. While this measure has been used and 
validated in previous literature (Zhao et al., 2011), it had low scale reliability in this 
context, resulting in the use of a two-item argument strength index for this study (results 
discussed in Appendix C). Post facto, I attribute the issues with perceived argument 
strength lacking reliability in this context to the fact that the scale was designed and 
validated for persuasive messages with clear arguments. In candidate messages including 
uncertainty messages, perhaps arguments are more opaque, with no single persuasive 
message underlying the stimuli besides, for limited evidence, a request for patience while 
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more evidence is collected. While the other unintended subject message feature scales 
(non-narrative engagement and negative emotions) had good reliability in this study, 
there may still be concern that candidate messages within and between conditions differ 
on something like argument strength that the scale could not capture in this context.  
Finally, there may remain concerns about ecological validity with the candidate 
messages. Stimuli for this test were designed with ecological validity as a top priority by 
using the results of the content analysis to guide stimuli creation. Nevertheless, the 
candidate messages validated in this study are synthetic, composites of real-world 
messages designed to strengthen the dose of the manipulation. This manipulation may be 
even more potent than naturalistic exposure given the significantly shorter length of 
candidate messages (mean wordcount=381.75) compared to articles collected in the 
content analysis (mean wordcount for articles with at least one feature=465, global mean 
wordcount=561). Shorter messages are undoubtedly good for reducing participant burden 
in a forced exposure experimental paradigm, but such exposure is also undoubtedly not 
how the population consumes (or often does not consume) written media. Therefore, 
despite concerted efforts to address ecological validity, the limitation of generalizing 
findings from artificial stimuli in an artificial environment to the real-world phenomenon 
of interest remains. 
 With these limitations in mind, I turn my attention now to using the results of this 
experimental test to design another test, this one demonstrating whether the types of e-
cigarette uncertainty information I have observed in real-world coverage, which 
differentially affect perceptions of expert disagreement and uncertainty, spill over to 
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adversely affect intentions to perform healthy recommended behaviors or increase 
intentions to use tobacco products.
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Chapter 4 – Study 3: An Experimental Test of the Spillover Hypothesis 
Introduction 
The previous study established that audiences of current and former smokers 
perceive hypothesized differences in two versions of how news coverage may depict 
expert interpretations of emerging e-cigarette research. Specifically, depicting expert 
uncertainty about e-cigarettes as conflict among researchers subsequently increases 
perceptions of expert disagreement, and depicting expert uncertainty in terms of limited 
evidence increases perceptions of expert willingness to admit uncertainty. In both cases, 
these differences in perceptions were significantly different from both each other and 
from a control that did not depict scientific uncertainty. Additionally, the previous study 
demonstrated that using both depictions (i.e., conflict, limited evidence) of experts’ 
uncertainty about this emerging science issue within a single message increased both 
perceptions of expert disagreement and perceptions of expert willingness to admit 
uncertainty compared to control messages. Thus, judgements by readers were consistent 
with my expectations about news content selected. 
What remains to be assessed is that these different perceptions of experts given a 
state of uncertainty produce differential effects on beliefs, attitudes, and intentions 
towards health behaviors. First, does treating scientific uncertainty as an instance of 
expert disagreement have adverse effects that contaminate or “spillover” to topics where 
experts agree, as hypothesized in previous literature? Given this previous hypothesis, 
questions remain about whether other ways of representing scientific uncertainty could 
improve these outcomes in comparison. Here, I assess whether presenting uncertainty as 
the scientists intend—as a case of limited evidence to be resolved with further research—
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could ameliorate these negative outcomes. Another alternative is that precisely because 
there is scientific uncertainty, the overall effect is that individuals will ignore the 
comments of experts, since experts seemingly cannot make up their minds. This would be 
the null hypothesis, that there are no effects of exposure to any scientific uncertainty on 
behavioral intentions. This study sets out to answer how perceptions of expert 
disagreement about e-cigarettes impact the perceptions and intentions of current and 
former smokers and how  these behaviors line up with ongoing discussions of e-cigarettes 
and their role in harm reduction.  
Hypotheses and Research Questions 
Effects of Depicting Scientific Uncertainty on Relevant and Spillover Health Behaviors 
I consider now how a confused understanding of e-cigarettes could carry over to 
muddle understandings of health behaviors which are otherwise supported by consensus 
recommendations. There could be significant variation in how a given person associates 
any of these health behaviors to each other; if it is not the case that use of e-cigarettes is 
even considered as a health behavior, then it is unlikely that spillover could occur. I 
choose to conceptualize the cognitive associations between e-cigarette use and other 
health behaviors I consider in this study along an axis of increasing association—that is, 
behaviors that are more and less likely to be affected by information about e-cigarettes. 
Health behaviors that are least likely to be affected by information about e-cigarettes 
(those with the furthest associative distance) are consensus recommendations for 
reducing cancer risk, including intentions to consume fruits and vegetables daily, exercise 
regularly, limit alcohol consumption, and limit unprotected sun exposure. All of these 
behaviors—along with quitting tobacco use—have been recommended, at the time of this 
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study, by the U.S. Centers for Disease Control and Prevention (CDC) to reduce cancer 
risk, making them of some distant associative relationship to e-cigarettes. These are all 
examples of the spillover previous research (Nagler, 2014) has feared may be affected by 
exposure to expert conflict. However, limited research has tested the effects of this 
spillover in an experimental paradigm, and no research has tested whether other ways of 
presenting scientific uncertainty—particularly, messages emphasizing expert willingness 
to admit uncertainty—may limit the adverse effects of lowered intentions to perform 
consensus behaviors. These are the main goals of this study. Therefore, my hypotheses in 
this study compare the high expert disagreement messages to a no-message control, while 
also comparing to a class of low disagreement messages, including both the low 
disagreement-low uncertainty control (the “low-low control”) and the low disagreement-
high uncertainty messages. 
First, based on this previous literature, messages about expert conflict will 
produce a spillover effect on the CDC-endorsed cancer risk-reducing behaviors: 
intentions to consume fruits and vegetables daily, exercise regularly, limit alcohol 
consumption, and limit unprotected sun exposure. I hypothesize that, 
H1: Exposure to messages high in expert disagreement will decrease intentions to 
perform consensus expert recommendations, compared to messages low in 
expert disagreement (e.g., the high expert uncertainty message and the low-
low control) and a no-message control. 
I also investigate one possible explanation for why exposure to messages high in 
expert disagreement decrease intentions to perform consensus-recommended health 
behaviors. As demonstrated, exposure to messages portraying research about e-cigarettes 
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in terms of expert conflict increase perceptions of expert disagreement. This perceived 
disagreement among experts studying e-cigarettes could expand to include perceived 
disagreement about other health recommendations. In particular, I hypothesize this effect 
could be due to decreased perceptions of expert consensus around these behaviors 
following exposure to expert disagreement. Thus, if I observe a direct effect in H1, H2 
tests for the role of mediation: 
H2: If messages high in expert disagreement decrease intentions to perform 
consensus-recommended health behaviors, this effect is mediated by 
decreased perceptions of expert consensus for these behaviors. 
Of most direct relation to the stimuli are intentions to use e-cigarettes, which 
could be motivated by several outcomes in this population of current smokers (who may 
intend to use e-cigarettes for cessation) and former smokers (who may be a population of 
concern for experts arguing for nicotine abstinence). Previous research on motivated 
reasoning suggests that, when exposed to competing information that confirms and 
challenges a behavior or identity, those already performing that behavior or identifying 
with that group will be likely to dismiss challenging information and adopt confirming 
information (Dieckmann, Gregory, et al., 2017; Kraft et al., 2015; Kunda, 1990). In this 
study, messages high in expert disagreement include expert arguments both for and 
against e-cigarette use, thereby likely increasing motivated reasoning responses. If 
current smokers are motivated in their evaluation of conflicting e-cigarette information, 
they could be partial to accepting either expert statements about e-cigarettes benefits or 
about e-cigarettes’ harms. These arguments could influence whether current smokers 
intend to use e-cigarettes either as a means of smoking cessation or of harm reduction. 
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This motivated reasoning will be heightened particularly in the high disagreement 
condition rather than the high uncertainty condition, as disagreement provides arguments 
both for and against e-cigarette use as opposed to stating the dearth of conclusive 
evidence. However, beyond just increasing the likelihood that current smokers are 
motivated in their evaluation of evidence, I hypothesize that the adverse nature of expert 
disagreement will decrease smokers’ intentions to use e-cigarettes. This hypothesis is 
guided by the previous research demonstrating the effect of conflicting information on 
increasing negative beliefs like confusion and overload (Jensen et al., 2017; Nagler, 
2014), states that will likely discourage intentions to engage in the activity at the root of 
this conflict. 
H3: Among current smokers, exposure to messages high in expert disagreement 
will decrease intentions to use e-cigarettes, including intentions to 
a) try e-cigarettes for smoking cessation, and
b) completely switch from cigarettes to e-cigarettes,
compared to exposure to messages low in expert disagreement 
(including the low-low control and the high uncertainty-low disagreement 
condition) and the no-message control. 
Current e-cigarette users could also be motivated reasoners when presented with 
conflicting information about e-cigarettes. In this case, I hypothesize current e-cigarette 
users will similarly not be motivated to change their behavior as a result of expert 
disagreement, thereby decreasing their intentions to stop using e-cigarettes within the 
next year. That e-cigarette use is a feature of identity to warrant identity-protective 
measures via motivated reasoning is supported by the extant literature (Coleman et al., 
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2016; Martinez et al., 2018; Volesky et al., 2016). As such, use of these products will 
warrant a motivated reasoning response to conflicting expert information about e-
cigarettes, producing decreased intentions to stop use when compared to control 
messages.  
H4: Among current e-cigarette users, exposure to messages high in expert 
disagreement will decrease intentions to stop using e-cigarettes, compared to 
exposure to messages low in expert disagreement (including the low-low 
control and the high uncertainty-low disagreement condition) and the no-
message control. 
Finally, I consider the effect of expert disagreement on those who have never used 
e-cigarettes. For the same reasons as discussed above, never e-cigarette users will be
unlikely to change their behavior in the face of expert disagreement, making them 
unlikely to start using e-cigarettes when facing conflicting information. 
H5: Among never e-cigarette users, exposure to messages high in expert 
disagreement will decrease intentions to use e-cigarettes, even for one or two 
puffs, compared to those exposed to messages low in expert disagreement 
(including the low-low control and high uncertainty-low disagreement 
condition) and the no-message control. 
A health behavior still related to e-cigarettes but of greater associative distance 
are the use of products under consideration by the U.S. Food and Drug Administration 
(FDA) as safer ways of consuming nicotine. These so-called modified risk tobacco 
products (MRTPs) had applications in consideration by FDA at the time of this study 
(July 2019), including for a heat-not-burn product called iQOS and a Scandinavian oral 
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tobacco product called snus. If FDA were to deem, there is significant, conclusive 
evidence that these products reduce the associated risk of tobacco use relative to 
combustible cigarettes, the harm reduction perspective would suggest their use would be 
beneficial for current smokers as opposed to smoking (Abrams et al., 2018). However, to 
actualize this public health gain would also require former or never smokers to abstain 
from using these tobacco products, as tobacco use would increase this population’s 
absolute risks. By communicating the scientific uncertainty behind e-cigarettes in a way 
that increases perceptions of expert disagreement, I expect current and former smokers 
will be both less inclined to believe the conclusions of the FDA should they approve 
these MRTP applications and also have decreased intentions to try these products.  
H6: Exposure to messages high in expert disagreement will decrease both 
a) beliefs in the conclusions of credible research concluding that MRTPs
pose reduced risk, and
b) intentions to try MRTPs,
compared to those exposed to messages low in expert disagreement 
(including the high uncertainty-low disagreement condition and the low-low 
control) and the no-message control. 
Despite this overall effect of exposure to expert disagreement, there could still be 
a sizeable gap between current and former smokers on intentions to try MRTPs. 
H7: Exposure to messages high in expert disagreement increase intentions to try 
MRTPs in current smokers, when compared to former smokers and exposure 
to messages low in disagreement (including the high uncertainty-low 
disagreement condition and the low-low control) and the no-message control. 
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Adverse Beliefs and Attitudes Towards E-cigarettes and E-cigarette Researchers 
This study also measured the effects of alternative information about emerging e-
cigarette research on adverse beliefs and attitudes regarding e-cigarettes and e-cigarette 
researchers. These measures have been explored in previous studies of conflicting health 
information and ambiguity (Hardy et al., 2019; Jensen et al., 2014, 2017; Nagler, 2014), 
although several have been adapted in previous work by this author for the context of e-
cigarettes (Herbert et al., 2018). Overall, this literature would suggest that exposure to 
messages high in expert disagreement would increase adverse reactions in beliefs and 
attitudes: 
H8: Exposure to messages high in expert disagreement increase adverse outcomes 
relevant to e-cigarettes and e-cigarette researchers, including 
a) feelings of overload towards e-cigarette recommendations,
b) exhaustion about e-cigarette information,
c) lack of credibility of health experts,
d) confusion,
e) cynical beliefs about e-cigarette research,
compared to those exposed to messages low in expert disagreement 
(including the high uncertainty-low disagreement condition and the low-low 
control) and the no-message control. 
Method 
Design 
In this study, I extend the design of the previous study, using its validated stimuli 
and adding a no-message control to measure baseline levels of outcomes in this 
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population. This message experiment randomizes adult (25+) current and former smokers 
to one of five conditions in a 2 (expert disagreement: high or low) by 2 (expert 
willingness to admit uncertainty: high or low) plus 1 (no-message control) design. In 
crossing these message features, the study proceeds with a high disagreement-low 
uncertainty condition, a low disagreement-high uncertainty  condition, a high 
disagreement-high uncertainty (“combined”) condition, a low disagreement-low 
uncertainty (“low-low control”) condition, and a no-message control condition. All 
conditions include stimuli validated in the previous study. As mentioned in the previous 
study, these stimuli were shown to increase perceptions of expert disagreement, expert 
uncertainty, both disagreement and uncertainty, or neither. Within each condition the five 
messages validated in the previous study (five per condition) are employed, thereby 
reducing concerns about case-category confounding (Jackson et al., 1989). Unlike in the 
previous study, participants in this study are exposed to just one randomly selected 
message from the five eligible messages within their assigned condition, a decision made 
to reduce participant fatigue given the longer questionnaire.  
In this study, I deliberately sampled current and former smokers for subgroup 
testing. Power analysis demonstrated that a sample of N=750, or 150 subjects per 
condition, would be sufficiently powered for a two-way ANCOVA comparing 5 levels, 
with 80% power to detect an effect size of 0.10 (Cohen, 1988). 
Sample 
The sample was recruited from the Qualtrics panel, which is not intended to 
reflect the entire population of American adults. Respondents enrolled in what would be a 
15-minute study about their thoughts and beliefs about tobacco products. Eligible
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participants were current and former smokers over 25 years old, reflecting concerns in 
this study to exclude respondents otherwise considered youth and young adults (YYA) in 
the public health community. Smoking status eligibility was defined by smoking at least 
100 cigarettes in one’s lifetime. I implemented a quota to ensure equal numbers of 
current and former smokers. I also implemented the same quota for educational 
attainment used in the previous study, which reflects the national averages of education in 
current and former adult smokers as observed in HINTS-FDA 2015 (Blake et al., 2016).  
Procedure 
Respondents completed eligibility measures after consenting to enroll but before 
completing any other study measures; if respondents were ineligible based on age, 
lifetime smoking, or not meeting either smoking or education quotas, they were dropped 
from the study. 
Next, I collected planned covariates for analysis. Covariates included previous use 
of e-cigarettes, including ever-use and current use (daily, some days, or not at all); for 
current vapers, I also measured the number of days vaped in the past 30 days. These 
items identify the set of current, former, and never vapers within the sample. 
Following collection of these covariates, I included an attention check, which 
asked respondents to select one option in a three-option set. The attention check was 
deliberately placed immediately before random assignment to condition, so passage was 
not impacted by exposure. Respondents were not notified as to whether or not they 
passed the attention check nor given the option to correct a failed attention check. Failing 
the attention check did not terminate the survey; rather, this data was collected so that 
analysis could be completed with and without the portion of the sample who failed the 
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attention check. If respondents demonstrated low attention before random assignment to 
exposure, this gave me the option to present analysis side-by-side including and 
excluding them. I did not expect to see any differences between groups on passing the 
attention check. Of all participants 37 (4.8%) did not pass the attention check. In a one-
way ANOVA, there was no effect of condition on passing the attention check,  
Table 18: Attention check passage (N=765 current and former smokers) by condition 

















n pass  151 148 144 137 148 
n fail  5 7 8 12 5 
% pass rate 96.8 95.5 94.7 91.9 96.7 
 
F(4,760)=1.29, p=.272. However, the main effect of disagreement on passing the 
attention check was substantial, albeit not statistically different; those in the higher 
disagreement condition were more likely to pass the attention check, F(1,608)=3.62, 
p=.058. However, given the order of exposure to condition after the attention check, this 
result is not due to the attention check. Therefore, all participants are included in 
subsequent analysis. 
Upon completion of the attention check, respondents were randomized to one of 
the five conditions. For respondents randomized to one of the four message conditions, 
they were first exposed to a short prompt urging their careful attention so they could 
provide their thoughts in response to the article. After seeing this prompt, respondents in 
the four message conditions proceeded to the next screen, where they read one stimulus 
randomly selected from the five validated eligible messages in their condition. The 
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stimulus remained on the screen for at least 8 seconds to increase the strength of the 
single article dosage. 
Outcomes 
After exposure for respondents in the four message conditions, and after the 
attention check for respondents in the no-message control, respondents completed a 
questionnaire of outcome measures. In order of presentation, these outcomes included 
evaluations of health expert credibility, perceived expert consensus of and intentions to 
perform cancer risk reduction behaviors, adverse beliefs (confusion, information 
exhaustion, recommendation overload, and cynical beliefs), intentions to use or quit using 
e-cigarettes (depending on previous use and smoking status), belief in hypothetical FDA
conclusions about MRTPs and intentions to try MRTPs if approved, and an open 
response field for respondents to provide any additional thoughts. Outcomes were asked 
in order of importance to this study, with spillover effects on healthy recommended 
behaviors collected first to reduce the lag between exposure and measurement. Upon 
completing these outcome measures, participants completed additional demographics not 
intended for use as covariates, including gender, race, ethnicity, income, political 
identity, and political ideology. The full questionnaire is included in Appendix D, and 
interpretation of the results from the open response field are included in the following 
chapter. 
Statistical Analyses 
Analyses were conducted in R v 3.5.3. To analyze results, I first describe the 
effects of each factor (disagreement, uncertainty) in a two-way ANOVA. Results of the 
two-way ANOVA exclude participants exposed to the no-message control condition, 
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which does not include a message manipulation of either expert disagreement or expert 
uncertainty. I then consider the effects of each condition compared to others in a one-way 
ANOVA with planned contrasts; this test allows me to draw conclusions about the rank 
of each condition against the others, including a comparison to the no-message control 
condition. For the mediation hypothesis (H2), I analyzed the results of a bootstrapped 
mediation analysis of 10,000 simulations. I follow main results with an analysis of 
subgroup effects, based on individual’s smoking and vaping status. 
Results 
Education Quota and Demographic Characteristics 
Current and former smokers were recruited (N=765) from the Qualtrics panel who 
met eligibility requirements. The education quota used for recruitment reflected a sample 
that closely matched the educational attainment of smokers from the HINTS-FDA 2015 
data. Table 19 compares the distribution of educational attainment within this sample in 
comparison to the percentages observed in the population within the HINTS-FDA 2015 
data.  
 
Table 19: Educational attainment within sample (N=765 current and former smokers) 
using quota compared to HINTS-FDA 2015 target percentages of educational attainment 
in current and former smokers 











n (of 765) 90 161 243 271 
%  11.8 21.0 31.8 35.4 
HINTS-FDA 
2015 target % 
11.0 21.0 32.0 36.0 
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The sample was nearly evenly split between current (n=375, 49.0%) and former 
smokers (n=390, 51.0%). 43.0% (n=329) of the sample had ever used an e-cigarette, with 
nearly 1 in 4 participants (n=190, 24.8%) currently using an e-cigarette on some days or 
daily. It is worth noting that the majority of current e-cigarette users in this sample are 
also current smokers (n=157, 82.6% of current e-cigarette users), suggesting that they are 
so-called dual users. The median age was 59, the majority identified as female (58.8%) 
non-Hispanic (92.2%), and white (88.6%). There were no statistically significant 
differences in eligibility and other demographics between the experimental and control 
groups. Therefore, these eligibility and tobacco use characteristics are not included in 
subsequent models to control for differences; see Appendix D for a review of the 
demographics within this sample.  
For participants in the four message conditions, exposure to treatment lasted by 
design for at least 8 seconds, but median exposure length was higher (55.15 seconds), 
suggesting a more substantial and realistic time spent with the stimulus materials.  
Before proceeding with analysis of the effects of conditions on outcomes, I 
assessed the reliability of each outcome scale. As mentioned previously, some scales 
were adapted for this study, and others were developed within this study. Table 20 
includes each scale’s reliability, including notes about interpreting scale values and 
previous means and reliabilities for scales used in previous work. Some scale reliabilities 
aligned closely with their previously published uses, even in cases where that reliability 
was below acceptable. For perceived credibility of health experts—an adapted scale 
which scaled poorly (α=.59) in line with previous work deploying the measure (α=.58, 
Hardy et al., 2019). Analysis proceeded with two subscales assessing beliefs favorable to 
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health expert credibility separate from the reverse coded beliefs unfavorable to health 
expert credibility. A previously-validated scale of e-cigarette confusion with 3 items also 
scaled comparably poorly (α=.61, Herbert et al., 2018). Analysis proceeded with a 2-item 
version of this scale, which had improved correlation, albeit still lower than would 
otherwise be considered acceptable for scale reliability (r=.67). Perceived expert 
consensus of cancer reduction recommendations, a set of 4 items that were piloted in this 
study, had good reliability as a scale (α=.85), so analysis proceeded with this scale. 
Although perceptions of expert consensus on these behaviors scaled reliably, intentions to 
perform each of these behaviors did not (α=.59). Analysis proceeded by considering the 
effects of exposure on each of these behavioral intentions separately.   
Table 20: Study 3 primary outcomes means and scale reliabilities, N=765. 
Direction: What 
does a higher 

















consensus of cancer 




4 .85 4.08 
(0.88) 
Intentions to comply 




4 .59 Did not 
use as 
scale 
Intentions to consume 
fruits and vegetables 
‘’ 1 3.41 
(1.18) 
Intentions to exercise ‘’ 1 3.52 
(1.29) 
Intentions to limit 
alcohol intake 
‘’ 1 3.82 
(1.26) 
Intentions to limit sun 
exposure 
‘’ 1 3.87 
(1.13) 




intentions to try 
1 1.29 
(0.84) 
Intentions to use e-
cigarettes for 









‘’ to switch 1 2.59 
(1.50) 
Intentions to stop 
vaping (current 
vapers) 
‘’ to stop 1 3.50 
(1.44) 
Believe MRTP claims 
about snus 
Increased belief 1 2.24 
(1.25) 
Intentions to try snus 
if MRTP 
Increased 
intention to try 
1 1.73 
(1.20) 
Believe MRTP claims 
about IQOS 
Increased belief 1 2.39 
(1.24) 
Intentions to try 
IQOS if MRTP 
Increased 




































α=.58 4 .59 Did not 
use as 
scale 
Positive coded expert 
credibility items 
‘’ more credible 2 .77 3.73 
(0.91) 
Reverse coded health 
expert credibility 
‘’ less credible 2 .81 3.28 
(1.02) 
Confusion, 2-item ‘’ 2 .67 1.84 
(0.80) 





3 .85 3.92 
(0.91) 
Note. Each proposed scale includes a reference for values, e.g., a higher mean of 
perceived expert consensus equates to an increased perception of consensus. For 
measures that have been used in previous studies, Cronbach’s alpha values are reported, 
and means and standard deviations are reported for scales that were measured on a 5-
point Likert-type scale in their original form for direct comparison.  
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After determining scale reliability, I evaluated the heterogeneity within conditions 
stemming from this multiple-message design. As detailed previously, each of the four 
message conditions included five stimuli, as participants were exposed to one of these 
possible stimuli in a design intended to reduce confounding between the category of 
messages and the cases tested herein. Stimuli within conditions varied across a set of 
features (e.g., headline, body, length) but all similarly affected perceptions of expert 
disagreement and uncertainty as hypothesized and tested in the previous study. As 
expected, messages within condition did not significantly differ in their effect on 
outcome variables. Analysis of the ranges of treatment effects by message within 
condition are included in Appendix D, Table 39. All results proceed by estimating 
average treatment effects for exposure to any case within conditions. 
Spillover Intentions to Perform Consensus-Backed Recommendations 
The effects of alternative information about e-cigarette research were mixed on 
intentions to perform consensus recommended behaviors. Intentions to adhere to 
consensus-backed recommendations about exercise were not significantly affected by 
high levels of expert disagreement in the direction hypothesized. Rather than decreasing 
intentions to exercise, exposure to high expert disagreement increased intentions to 
exercise compared to messages low in expert disagreement, two-way ANOVA 
F(1,608)=4.83, p=.028; in particular, exposure to higher levels of expert disagreement 
increased intentions to exercise compared to the low-low control in planned contrast, 
Mdiff=0.33, one-way ANOVA F(1,760)=6.43, p=.011. In post-hoc comparisons, there was 
a sizable but not statistically significant increase in intentions to exercise for respondents 
exposed to the high disagreement-high uncertainty combined condition compared to the 
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low-low control, Mdiff=0.38, t(1, 760)=2.53, p=.086. Figure 3 depicts this effect of 
exposure to expert disagreement and uncertainty on intentions to exercise. 
Figure 3: Effect of exposure to expert disagreement and uncertainty on intentions to 
exercise in current and former smokers (N=765). 
Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
Exposure to condition did not significantly affect intentions to limit alcohol 
consumption, intentions to limit sun exposure, or intentions to consume fruits and 
vegetables as hypothesized, when compared to control conditions or messages high in 
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expert uncertainty.4 Taken together, these results do not support H1; exposure to expert 
disagreement about e-cigarettes had a negligible effect on intentions to comply with other 
expert recommendations for distantly related health behaviors.. 
Expert disagreement did not significantly decrease perceptions of expert 
consensus towards consensus-backed recommendations (e.g., fruit and vegetable 
consumption, exercise) when compared to the no-message control, low-low control, or 
high uncertainty message conditions. Given the results of H1—that only two tests 
between the high disagreement condition and other conditions were significant on two of 
the health intentions, with one of those comparisons in the opposite-than-hypothesized 
direction—two mediation paths were tested. First, I tested whether perception of expert 
consensus mediated the effect of disagreement on intentions to consume fruits and 
vegetables when compared with the combined high disagreement-high uncertainty 
condition. Here, increased perceptions of expert consensus were significantly correlated 
with increased intentions to consume fruits and vegetables, r=.17, p<.001, but did not 
significantly mediate the effect of condition on intentions. Next, I tested whether 
perception of expert consensus mediated exposure to disagreement and intentions to 
exercise, which increased significantly (and in a direction opposite of hypothesized) 
compared to the low-low control. Again, increased perceptions of expert consensus were 
significantly correlated with increased intentions to exercise, r=.19, p<.001, but 
perceptions did not significantly mediate the effect of condition on intentions. These tests 
do not support H2, that decreased perceptions of consensus would significantly mediate 
4 Results of one-way tests between conditions without planned contrasts can be found in Appendix D, 
Table 40. 
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the effect of disagreement on lowered intentions to perform expert recommended healthy 
behaviors. 
Intentions to Use E-Cigarettes 
Figure 4: Effect of exposure to expert disagreement and uncertainty on intentions to try e-
cigarettes for smoking cessation in current smokers (n=375). 
Note: “High Dis.” Is the high disagreement-low uncertainty condition;  “High Unc.” Is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
Current smokers (n=375) were asked two items about intentions to use e-
cigarettes linked to harm reduction arguments. First, current smokers were asked whether 
they would use e-cigarettes in the next year as a smoking cessation device. As 
hypothesized, higher levels of expert disagreement decreased intentions to use e-
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cigarettes as smoking cessation devices in this population of current smokers compared to 
the messages lower in disagreement, two-way ANOVA F(1,290)=5.23, p=.023. This 
effect was driven by a comparison between the high disagreement condition and the high 
uncertainty message in planned contrast, Mdiff=-0.68, one-way ANOVA F(1,370)=7.56, 
p=.006. There was no significant effect of exposure to high expert disagreement on 
intentions to use e-cigarettes as smoking cessation devices when compared to either of 
the control conditions. Figure 4 depicts this effect of exposure to expert disagreement on 
intentions to try e-cigarettes for smoking cessation in current smokers. 
Figure 5: Effect of exposure to expert disagreement and uncertainty on intentions to 
switch completely to e-cigarettes in current smokers (n=375). 
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Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
The second harm reduction item asked current smokers whether they intended to 
switch completely from standard, combustible cigarettes to e-cigarettes within the next 
year. As hypothesized, higher levels of expert disagreement decreased intentions to 
switch completely to e-cigarettes among current smokers compared to lower levels of 
expert disagreement, two-way ANOVA F(1,290)=5.74, p=.017. This effect was driven 
by a comparison between the high disagreement condition and the high uncertainty 
message in planned contrast, Mdiff=-0.54, one-way ANOVA F(1,370)=4.83, p=.029. As 
with intentions to use e-cigarettes as smoking cessation devices, there was no significant 
effect of exposure to high expert disagreement on intentions to switch completely to e-
cigarettes when compared to either control condition. Figure 5 depicts this effect of 
exposure to high levels of expert disagreement on intentions to switch completely to e-
cigarettes in current smokers. 
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Figure 6: Effect of exposure to expert disagreement and uncertainty on intentions to stop 
using e-cigarettes completely among current vapers (n=190). 
Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
Continuing this consideration of the impact of disagreement on possible harm 
reduction, current e-cigarette users (n=190) were asked whether they intended to stop 
using e-cigarettes completely within the next year. Contrary to the hypothesis about 
motivated reasoning, exposure to higher levels of expert disagreement increased 
intentions among current vapers to stop vaping completely when compared to messages 
lower in expert disagreement, two-way ANOVA F(1,149)=5.82, p=.017; in particular, 
exposure to high disagreement-low uncertainty messages increased intentions among 
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current vapers to stop vaping completely when compared to the low-low control in post-
hoc contrast, Mdiff=0.75, one-way ANOVA F(1,185)=5.14, p=.025. There was no 
difference between exposure to high expert disagreement and either the no-message 
control or the high uncertainty-low disagreement message on intentions to stop using e-
cigarettes completely. Figure 6 depicts this effect of exposure to high disagreement on 
intentions to stop using e-cigarettes completely among current vapers. 
Finally, there was no effect of condition on intentions to use e-cigarettes at any 
time in the next year among never e-cigarette users (n=436). Intentions to use e-cigarettes 
were low in this population, Mnever vapers=1.30 on 5-point scale, where 1=“extremely 
unlikely.” 
Combined, these results on intentions do not support the hypothesized effects of 
motivated reasoning, defined by previous behavior, on intentions to continue performing 
that behavior in the face of expert disagreement. 
Spillover Intentions Towards Other Tobacco Products 
Next, I turn to the effects of alternative modes of providing information about 
emerging e-cigarette research on beliefs about and intentions to use MRTPs, namely snus 
and heat-not-burn products. 
In the full sample, there were no significant effects of condition on beliefs about 
scientific claims for reduced risk regarding either snus or IQOS. There was also no 
significant effect of condition on intentions to try snus or IQOS should they be deemed as 
MRTPs. Exposure to higher levels of disagreement decreased intentions to use IQOS in 
the direction hypothesized (Mdiff=-0.28) when compared to messages lower in 
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disagreement, but this difference was not statistically significant, two-way ANOVA 
F(1,608)=3.55, p=.060. 
There was no significant effect of exposure to messages about e-cigarettes on 
intentions to try snus when considering an interaction with smoking status. On its own, 
smoking status was a significant predictor of intentions to try MRTPs. Current smokers 
were significantly more likely to try snus if deemed to reduce smokers’ risk than former 
smokers, Mdiff=0.92, one-way ANCOVA F(1,755)=23.02, p<.001, and significantly more 
likely to try IQOS if deemed to reduce smokers’ risk than former smokers, Mdiff=1.32, 
one-way ANCOVA F(1,755)=37.30, p<.001. However, neither of these characteristics 
interacted with exposure to information about disagreement and uncertainty.  
Adverse Beliefs Towards E-Cigarettes and E-Cigarette Researchers 
Lastly, I consider the effects of expert disagreement and uncertainty on increasing 
adverse beliefs towards e-cigarettes. As hypothesized, exposure to higher levels of expert 
disagreement significantly increased feelings of overload about e-cigarette 
recommendations compared to messages lower in expert disagreement, two-way 
ANOVA F(1,608)=22.33, p<.001. In particular, exposure to the messages high in expert 
disagreement and low in expert uncertainty significantly increased recommendation 
overload compared to the low-low control in planned contrast, Mdiff=0.52, one-way 
ANOVA F(1,760)=33.76, p<.001. Also as hypothesized, exposure to high disagreement-
low uncertainty significantly increased recommendation overload compared to the no-
message control condition in planned contrast, Mdiff=0.38, one-way ANOVA 
F(1,760)=8.48, p=.004. Figure 7 depicts these effects of condition on recommendation 
overload. 
99 
Figure 7: Effect of exposure to expert disagreement and uncertainty on recommendation 
overload in current and former smokers. 
Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
However, higher levels of expert uncertainty also produced higher levels of 
recommendation overload. Exposure to higher levels of expert uncertainty significantly 
increased recommendation overload compared to lower levels of expert uncertainty, two-
way ANOVA F(1,608)=18.58, p<.001. In post-hoc comparison, the high uncertainty-low 
disagreement message produced significantly higher levels of recommendation overload 
than the low-low control, Mdiff=0.48, t(1,760)=4.68, p<.001, and the no-message control, 
Mdiff=0.33, t(1, 760)=3.02, p=.022. In fact, the effect of disagreement was amplified when 
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paired with high expert uncertainty. Exposure to higher levels of both disagreement and 
uncertainty significantly increased recommendation overload compared to lower levels of 
both, two-way ANOVA F(1,608)=6.76, p=.010. Exposure to the combined high 
disagreement-high uncertainty message significantly increased recommendation overload 
when compared to the low-low control, Mdiff=0.59, t(1,760)=5.29, p<.001 and the no- 
message control, Mdiff=0.45, t(1,760)=4.05, p<.001, both in post-hoc tests.  
I turn now to feelings of exhaustion about e-cigarette information. As 
hypothesized, exposure to higher levels of expert disagreement significantly increased 
information exhaustion compared to lower levels of expert disagreement, two-way 
ANOVA F(1,608)=4.39, p=.037. This effect was driven by a comparison between the 
high disagreement-low uncertainty condition and the low-low control, although this 
planned contrast was not significant in the full test, Mdiff=0.24, F(1,760)=2.47, p=.116. 
There was no significant effect of exposure to high levels of expert disagreement on 
information exhaustion compared to the no-message control, or when comparing the high 
disagreement-low uncertainty message to the low disagreement-high uncertainty 
message. Figure 8 depicts these null planned contrasts on information exhaustion. 
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Figure 8: Effect of exposure to expert disagreement and uncertainty on information 
exhaustion in current and former smokers. 
Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
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Figure 9: Effect of exposure to expert disagreement and uncertainty on cynical beliefs in 
current and former smokers. 
Note: “High Dis.” is the high disagreement-low uncertainty condition;  “High Unc.” is the low 
disagreement-high uncertainty condition; “Combined” is the high disagreement-high uncertainty 
condition; “Low-low Control” is the low disagreement-low uncertainty condition.  
There was no effect of condition on perceptions of health expert credibility or on 
e-cigarette confusion. However, I did observe a main effect of condition on cynical
beliefs, one-way ANOVA F(4,760)=2.96, p=.019. Cynical beliefs were a set of items 
about cynicism towards the products themselves (e.g., “e-cigarettes are just another way 
to keep people addicted to nicotine”) and manufacturers (e.g., “e-cigarettes have been 
designed so that manufacturers get new customers, not so smokers can quit”). This main 
effect of condition on cynical beliefs was driven by an unanticipated difference: exposure 
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to high disagreement-low uncertainty messages about e-cigarettes decreased cynical 
beliefs about e-cigarettes and e-cigarette manufacturers when compared to exposure to 
the no-message control in post-hoc contrast, Mdiff=-0.24, one-way ANOVA 
F(1,760)=9.03, p=.003, contrary to the hypothesized direction. Whereas hypotheses 
supposed message conditions would increase cynicism, the no-message control was 
higher in cynical beliefs in post-hoc comparisons than the combined disagreement and 
uncertainty condition, Mdiff=0.31, t(1,760)=-2.94, p=.028, and the low-low control 
condition, Mdiff=0.30, t(1,760)=-2.83, p=.038. Figure 9 depicts these effects of condition 
on cynical beliefs. 
Discussion and Conclusions 
This experimental study found mixed results across several hypotheses regarding 
a range of spillover effects from exposure to expert disagreement and uncertainty. The 
following chapter will explore some possible reasons for these results but will first offer 
some additional analysis of open-ended data about reactions to the stimuli.  
I observed exposure to expert disagreement did not uniformly decrease 
compliance with recommended healthy behaviors (H1), and in one case, exposure to 
disagreement surprisingly increased intentions to perform a recommended behavior 
(exercise). These mixed effects of disagreement on intentions to perform healthy 
behaviors were not significantly mediated by perceptions of expert consensus about these 
recommendations, the result of H2. I had also hypothesized that perceptions of and 
intentions to use MRTPs—a target behavior more likely to be associated with the topic of 
e-cigarettes—would be negatively affected by exposure to disagreement (H6). Instead, I
found no direct effect of messages on these perceptions or behaviors. Additionally, there 
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was no interaction between message type and smoking status on intentions to use either 
MRTP (H7). Taken together, these results suggest a mostly null effect of exposure to 
disagreement about an emerging science issue on spillover behaviors. 
Despite these mostly null spillover effects, exposure to expert disagreement about 
e-cigarettes had direct effects on intentions to use these products. Yet, these results also
challenge hypotheses about motivated reasoning. I found significant support that 
exposure to disagreement would decrease intentions to try e-cigarettes among current 
smokers (H3). However, results among current vapers challenged my hypothesis of 
motivated reasoning (H4), as exposure to disagreement surprisingly increased intentions 
to stop vaping completely. Notably, however, exposure to message had no effect on 
intentions to try e-cigarettes among never vapers, whose low intentions to use e-cigarettes 
did not differ by condition (H5). 
Finally, I found mixed support for a set of adverse consequences of exposure to 
conflicting information collected from previous research (H8). Exposure to disagreement 
about e-cigarettes significantly increased feelings of recommendation overload (H8a) and 
information exhaustion (H8b) about this topic. However, there was no effect of exposure 
on perceived health expert credibility (H8c) or confusion (H8d) about e-cigarettes. 
Contrary to H8e, exposure to disagreement significantly decreased cynical beliefs about 
e-cigarettes compared to the no-message control. These results prove interesting for
interpretation of the ways information may provide competing benefits and harms. The 
following chapter interprets the results of this study along with providing additional 
analysis of this study’s open response field. 
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Chapter 5 – Interpreting Spillover from Scientific Uncertainty in Study 3 
Introduction 
The previous chapter detailed an experimental study investigating the effects of 
exposure to information about the state of e-cigarette research and whether presenting 
that information as disagreement between researchers would have more adverse 
outcomes for a suite of closely and more distantly associated health behavioral intentions. 
In this chapter, I interpret the results of that study’s findings and incorporate qualitative 
data collected within an open response field at the end of that study to guide this study’s 
tentative conclusions. 
To interpret the open response field in this chapter, I am relying on a close 
reading rather than a systematic content analysis of these texts, as I did not have 
hypotheses about the effects of condition on response. Respondents who claimed they 
had no information to provide (e.g., “nothing to add,” “not applicable”), commented only 
with evaluations of the survey (e.g., “good survey”), or responded with gibberish strings 
of characters were removed from the corpus before proceeding with a close reading. 
Removing these responses left a surprisingly large number of texts: 607 (79.3%) of the 
765 respondents provided a meaningful comment after the prompt:  
We care about your thoughts on the articles you just read. Please write down any 
thoughts you would like to tell us about in the text box below. When you are done 
with your thoughts, please go on to the next page. 
As I review and interpret the results of the previous study, I bring in comments from 
these 607 respondents to add color to my substantive findings, or I point to topics 
discussed that are worth considering in future work. 
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Effects of Disagreement on Spillover Intentions 
This study was designed to test for the effects of perceived expert disagreement 
and uncertainty on a set of “spillover” behaviors. As previously discussed, the intentions 
measured in this study ranged in their likely proximity to the target of the messages, e-
cigarettes. By measuring a range of spillover behaviors that were either more distant or 
closer to this emerging science issue, I set out to test the limits of how adverse expert 
disagreement could be for public health, if at all. In this section of the chapter, I discuss 
my results in two section: one for untargeted (i.e., more psychologically distant) healthy 
behavioral intentions—in this case, a set of behaviors recommended for reducing cancer 
risk—and one for related (i.e., less psychologically distant) behavioral intentions—in this 
case, a set of beliefs and intentions towards potential modified risk tobacco products 
(MRTPs). 
Untargeted Healthy Behavioral Intentions 
As demonstrated in Chapter 4, untargeted health behavioral intentions did not 
scale together, with no single healthy lifestyle latent variable captured by this set of four 
behaviors. After the fact, it makes sense that one individual may adhere to a healthy diet 
but not exercise, or that another individual complies with exercise recommendations but 
also consumes unhealthy amounts of alcohol. These behaviors should be measured 
individually to provide a picture of a possible moderation with exposure and perceptions 
of consensus. It is worth noting that perceptions of expert consensus for these healthy 
behaviors still scale together, as they should—just because a person does not intend to 
perform a recommended behavior does not mean they are unaware of the 
recommendation. 
107 
Testing for the spillover of effects to recommendations about alcohol 
consumption remains difficult. Although reducing alcohol consumption was at the time 
of the study—and remains—a top CDC recommendation for reducing ones’ cancer risk 
(Centers for Disease Control and Prevention, 2018), recent and highly publicized 
research has suggested there may be no safe level of alcohol consumption (Griswold et 
al., 2018). As one current smoker exposed to the high uncertainty condition put it, “All 
things are bad for you in unlimited amounts. Alcohol is far worse, but we aren't talking 
about that.” Although alcohol consumption and tobacco use may be important behaviors 
to study together given a public health interest in studying addiction, studying this 
problem from the perspective of spillover may not be productive as recommendations 
change. 
I also found no spillover effect on intentions to regularly consume fruits and 
vegetables. Previous research has focused consumption of fruits and vegetables as a 
health behavior for which conflicting information could pose adverse consequences 
(Nagler, 2014). However, that research focused specifically on perceived conflict over 
nutrition recommendations like those regarding red wine and dark chocolate, making fruit 
and vegetable consumption a more relevant and, therefore, accessible health behavior. 
Not seeing such a spillover effect on nutrition intentions in the context of expert 
uncertainty and disagreement over e-cigarettes is likely because of this increased 
psychological distance between these behavioral intentions. 
Contrary to hypotheses, intentions to exercise regularly increased among 
respondents exposed to higher levels of expert disagreement than those exposed to lower 
levels of disagreement. In a planned contrast, intentions to exercise increased among 
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respondents exposed to the high disagreement condition compared to the low-low 
control. While this is an interesting effect, its significance is difficult to meaningfully 
interpret, not least of all because of its nonnegligible effect size (Cohen’s d=0.249). There 
was also a sizable but not significant increase in intentions to exercise among respondents 
exposed to the high disagreement-high uncertainty combined condition compared to the 
low-low control in post hoc comparison. Perhaps one explanation for this surprising 
effect is that higher levels of disagreement instilled more confidence in maintaining other 
healthy behaviors over which one can exhibit control in a kind of cognitive dissonance. 
Alternatively, there is simply a robust consensus among experts about the legitimacy of 
exercise as a healthy behavior, so that even in the face of disagreement on other topics, 
individuals gravitated towards thinking about a healthy outcome on which they could 
rely. As one current smoker exposed to the high disagreement-high uncertainty condition 
explained: 
The problem with American society is most folks will believe anything without 
doing they're [sic] homework. And the instagators [sic] of that information ignore 
the responsibility to create less hatred towards pro smokers, for example. It's a sad 
problem but personally I exercise, weight train, eat right and am generally more 
healthy than the average non smoker.  
This respondent points to a dissonance among smokers who resist behavior change 
despite knowing the health risks of their smoking behavior while performing other 
healthy recommended behaviors. As I previously pointed out, this population perceived 
these expert recommendations as backed by consensus, despite not necessarily intending 
to perform these behaviors. 
Finally, I found no effect of exposure to expert disagreement or uncertainty on 
intentions to limit exposure to the sun, a measure recommended by experts to reduce the 
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risk of skin cancer. Respondents did not address sun exposure in their comments, perhaps 
due to an even more tenuous connection between this cancer risk reducing behavior and 
the others measured for spillover.  
Related Health Behavioral Intentions: Potential MRTPs 
I turn now to the effects of expert disagreement and uncertainty on more closely 
related health behavioral intentions—beliefs in claims about and intentions to try 
potential MRTPs. I found no effects of exposure to disagreement on either belief in 
claims about snus or IQOS or on intentions to try snus or IQOS. However, the comments 
respondents provided about MRTPs are noteworthy to discuss despite the absence of 
experimental effects. 
As discussed in the previous chapter, there were no approved MRTPs at the time 
of this study, although IQOS had recently been approved for a premarket tobacco product 
application pathway while its MRTP application is under scientific review (FDA permits 
sale of IQOS Tobacco Heating System through premarket tobacco product application 
pathway, 2019). This set of four questions about potential MRTPs were the last asked in 
the survey before the open response field, placed in this order because each question 
prompted respondents with information about the health claims about snus and IQOS. 
This questionnaire order is important as it made thoughts about these two potential 
MRTPs particularly top-of-mind for respondents as they approached the open response 
field, perhaps because this section provided respondents in all conditions with 
information about products they had not encountered before (particularly IQOS). 
Some respondents were simply not convinced that any tobacco product could 
pose reduced harm. As a current smoker in the no-message control claimed, “I believe e-
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cigs, snus and burnless [sic] tobacco all carry health risks also. Enough is not known 
about these.” Another current smoker in the low-low control resisted claims about 
modified risk as irrelevant for the behavior they wanted to continue: “I am not interested 
in e-cigarettes, snus or IQOS just regular tobacco cigarettes.” These comments by current 
smokers are important given the potential health benefits they could accrue by 
transitioning their nicotine addiction to a less harmful product. However, concerns loom 
large for public health professionals concerned about former smokers abstaining from 
any tobacco products. One former smoker in the no-message control pointed out that, 
despite claims of modified risk, addiction to nicotine remains a top-of-mind concern for 
them: “Even when customers are aware of the potential health risks, it is extremely 
difficult to stop smoking/using alternatives such as SNUS, vaping, etc.” This comment 
invokes an interesting point that health communicators may test for effectiveness among 
populations of former smokers: by reminding former smokers of how difficult it was to 
overcome their nicotine addiction, they may prevent the uptake of tobacco products in 
this population. 
Respondents seemed to have mixed familiarity with snus as a tobacco product 
distinct from other forms of smokeless tobacco. Smokeless tobacco includes chewing 
tobacco (“dip”) and snuff which, unlike snus, poses particularly increase risk of head and 
neck cancers, particularly cancer in the oral cavity (Wyss et al., 2016). Two comments in 
particular elucidate this consumer confusion about snus as a distinct smokeless tobacco 
product with the potential of reducing risk based on claims from the Camel Snus ® 
MRTP application. One former smoker exposed to the high disagreement-high 
uncertainty combined condition was skeptical about what an MRTP claim could mean for 
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any tobacco consumed in one’s mouth, increasing their cynicism about the whole 
industry:  
why would anyone in their right mind put a known carcinogen between their 
cheek and gums, knowing that it will result in oral cancer… There is power in 
extreme numbers of dumb people and those people who exploit it for profit. 
Another cynical former smoker, never vaper exposed to the high uncertainty condition 
pointed to a pattern of behavior within the tobacco industry:  
The Camel Snus is just like snuff which will probably cause lip sores or oral 
cancer. The manufacturers will not admit that until after it's been on the market 
for many years and they've made millions of dollars off the sale of the product. 
Then they will apologize and face multiple charges in court, but with their profits, 
they will buy time and most likely get away with minimal damage to their 
financial situation… E-cigarettes and vaping are manufactured just to make 
money.  
This second comment invoked an important link between a well-documented history of 
tobacco industry manipulation that cannot be dismissed in the context of new tobacco 
products, especially as Big Tobacco counts on e-cigarettes as a future-proofed part of 
their portfolio. It is one thing for this cynicism to be pervasive among former smokers, a 
population of public health officials want to prevent from starting use of tobacco products 
again, as discussed previously. Depending on what FDA decides with these MRTP 
applications they have yet to rule on, there is likely an important role to be played by 
preventing messaging designed to prevent this cynicism from spilling over to current 
smokers, who could benefit from use of reduced risk products along their pathway to 
nicotine cessation. These current smokers, including one respondent exposed to the low-
low control, may be particularly receptive to clear guidance from FDA: “Between e-
cigarettes and snus, snus sounds like it might be a little [bit] better [of an] alternative to 
regular cigarettes.”  
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Respondents showed less familiarity with IQOS or the concept of heat-not-burn 
tobacco products, but with that unfamiliarity came curiosity, despite having generally low 
intentions to try the product. One current smoker exposed to the low-low control stated, 
“IQOS i [sic] think i [sic] have to see to grasp.” Another current smoker exposed to the 
high disagreement-high uncertainty combined condition said, “I'm curious to know more 
about the iqos [sic] project and will likely research it when I get done with the survey.” It 
could be that the curiosity of current smokers towards IQOS is completely divorced from 
any promise of modified risk. As one current smoker exposed to the high disagreement 
condition put it, “I would try the IQOS, not because of anything related to health but 
because it sounds like something I would enjoy.” It is worth recalling here that current 
smokers were significantly more likely to be willing to try snus and especially IQOS than 
former smokers. In all, this data may suggest that heat-not-burn is a more promising 
avenue for harm reduction among current smokers than snus. Again, the promise that this 
behavior could pose as a public health gain is contingent upon whether there is 
substantial evidence, in FDA’s estimation, that IQOS poses reduced risk compared to 
smoking. 
Summary: Spillover Effects 
Across the range of untargeted and related behavioral intentions measured in this 
study, the effects of expert disagreement and uncertainty were null, and in the case of 
exercise, the effect of exposure was opposite than hypothesized. Overall these null effects 
could suggest that the dosage of disagreement or uncertainty within my manipulation was 
too weak to activate cognitions about other health behaviors. This potential explanation is 
supportive of a multiple exposure paradigm that would more closely resemble 
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accumulated information exposure in naturalistic settings; for example, a test of conflict 
and uncertainty could randomly expose participants to multiple stimuli within the same 
condition with significant time between exposures (e.g., one week), then wait to measure 
spillover effects until well after these exposures have accumulated (e.g., 3 weeks).5 It 
could be that, despite previous thinking on this topic, there may not be a real spillover 
that happens from a topic of uncertainty to other consensus recommended behaviors; a 
research design that embeds more naturalist, cumulative exposure to expert disagreement 
could answer whether this conclusion is true. 
It is worth noting that, in some cases, recommendations about these consensus 
behaviors can change themselves, as is the case with recommendations about “safe” 
levels of alcohol consumption. These changes in recommendations invoke previous 
research on public confusion after publicized changes in expert recommendations 
towards cancer screening, like those around the prostate-specific antigen test (Dixon et 
al., 2008; Gibson et al., 2016) or mammograms (Nagler et al., 2019; Taplin et al., 1997). 
It is worth remaining cautious that in the scientific endeavor, even the consensus 
recommendations experts point to for cancer reduction risk may be updated in time. 
Finally, it could be that talking about tobacco use—a behavior etched into the 
public consciousness as unhealthy—cannot induce spillover to untargeted behaviors 
because there cannot be any conception of healthy tobacco, even among people currently 
using tobacco. Within this sample of comments from current smokers, few were 
 
5 See Rebekah Nagler’s design for her NIH-funded study, “Effects of Prior Exposure to Conflicting Health 




completely self-delusional about the health risks they accept on by using tobacco; they 
continue to accept these risks, even as they perform other recommended healthy 
behaviors to reduce other health risks. This seeming contradiction within the population 
only points to the incredible complexity of human judgment. If this interpretation is true, 
then the FDA and tobacco industry have a difficult task ahead of them to convince the 
public that there is a legitimate role for a “safe” tobacco. 
Effects of Disagreement on E-cigarette Intentions 
As detailed in the previous chapter, exposure to messages about expert 
disagreement regarding e-cigarettes did have distinct and arguably important effects on 
intentions to use e-cigarettes in groups crucial to ongoing discussions in public health 
about harm reduction (Abrams et al., 2018; Warner, 2018). These ongoing discussions 
include whether e-cigarettes may be a means by which current smokers can either 
completely replace their smoking behavior, avoiding the known risks of continued 
cigarette use even while using e-cigarettes, otherwise known as “dual use” (Harrell et al., 
2015; J. K. Pepper et al., 2014). Similarly, for former smokers using e-cigarettes, 
questions remain about whether continued use is safe, or if individuals should work 
closely with a physician to develop an e-cigarette cessation plan (American Heart 
Association, 2016). With an uncertain base of evidence for these decisions within the 
public health community, the results of communicating this evidence to relevant publics 
of smokers and vapers is informative and not necessarily prescriptive; this is to say, the 
results of this study could be interpreted differently according to unique values held by 
those who do and do not employ harm reduction frameworks in their public health work. 
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I had previously hypothesized that these mixed signals about e-cigarettes safety 
and associated risks would be interpreted through a motivated reasoning framework; that 
is, a set of relevant identity characteristics would color an individual’s interpretation of 
ambiguity to lend support for continuing that behavior. By assuming that most participant 
behavior could be understood through the lens of identity-protective motivated reasoning, 
this led me to three distinct hypotheses based on their current behavior of smoking or use 
of e-cigarettes.  
Current smokers, I hypothesized, would be unlikely to be persuaded by evidence 
citing e-cigarettes’ potential for smoking cessation, as that would threaten their identity 
as smokers; instead, they may be particularly receptive to experts citing evidence 
unfavorable to e-cigarette use as a certain public health risk. Current smokers would 
therefore be less likely to intend to use e-cigarettes in the next year—whether as a 
smoking cessation tool or as a product to completely replace their use of cigarettes—after 
exposure to messages higher in expert disagreement, compared to current smokers 
exposed to messages lower in expert disagreement or the no-message control.  
This framework of motivated reasoning could also apply to never e-cigarette 
users, who I hypothesized would be unlikely to respond favorably to arguments about e-
cigarette benefits as their identity may be tied to abstention from e-cigarettes, whether as 
current or former smokers. Never vapers, I hypothesized, would be less likely to intend to 
use e-cigarettes in the next year—even for one or two puffs—after exposure to messages 
high in expert disagreement. On the other hand, current vapers would be unlikely to be 
persuaded by evidence citing e-cigarettes’ harms, as that would threaten their identity as 
vapers; instead, they may be particularly receptive to experts citing evidence favorable to 
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e-cigarette use as a certain public health boon. Current vapers would therefore be less
likely to intend to quit using e-cigarettes in the next year after exposure to messages 
higher in expert disagreement, compared to current vapers exposed to messages lower in 
expert disagreement or the no-message control. 
Although these hypotheses about motivated reasoning are based upon the extant 
literature, the results of this study do not support motivated reasoning as a mechanism for 
explaining smokers’ and vapers’ interpretations of expert disagreement about e-
cigarettes. Current smokers exposed to high disagreement had reduced intentions to try e-
cigarettes at any time in the next year than current smokers exposed to controls. Some 
current smokers resisted the harm reduction framework and focused on absolute risks. 
One current smoker exposed to the low-low control rejected the cessation claims, saying, 
“I don't feel [e-cigarettes] help you quit and liken it to being an alcoholic who drinks 
whiskey but switches to beer.” 
Whereas this result suggests smokers may selectively interpret conflicting expert 
information in a motivated reasoning framework, another explanation must be needed to 
encompass the opposite-than-hypothesized effect of disagreement on current vapers. 
Current vapers exposed to high disagreement had increased intentions to completely stop 
using e-cigarettes within the next year compared to current vapers exposed to controls. 
This result runs counter to a motivated reasoning framework, in which current vapers 
would likely use their identity as vapers to selectively interpret favorable evidence about 
e-cigarettes to protect that identity, as hypothesized in the previous chapter. Rather, for
all exposure to high expert disagreement across subgroups of current smokers and vapers, 
exposure to disagreement reduced intentions to use e-cigarettes.  
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These results suggest that, on the whole, participants may not be cherry-picking 
the argument that supported their current behavior, but perhaps instead be responding to 
the tone of disagreement in ways that increased their perceptions of risk regarding e-
cigarettes. It remains particularly interesting that current vapers were more persuaded to 
stop using e-cigarettes by messages showing high expert conflict, especially given that 
(surprisingly) the majority of current vapers in this sample were also current smokers 
(n=157, 82.6% of n=190 current e-cigarette users). These dual users are of particular 
interest to conversations in harm reduction, as their continued use of cigarettes nullifies 
any health benefits of e-cigarettes one may hope to see. What remains unmeasured for 
this subgroup is whether their increased intentions to stop using e-cigarettes moves in the 
direction desired by many in public health—towards cessation of both e-cigarettes and 
combustible cigarettes. It could be that the identity-related cognitions so central to 
motivated reasoning were not in place for these dual users, who may strongly identify as 
smokers (and be more prone to motivated reasoning) but may have not yet developed a 
strong opinion about vaping (and thus be more receptive to persuasive efforts). This 
interesting result becomes a missed opportunity for this study, which only measured self-
reported current smoking behavior and did not measure intentions to smoke or intentions 
to quit smoking. What does it mean for the harm reduction framework if this group of 
dual users, exposed to conflicting expert information about their e-cigarette use, 
abandons e-cigarettes altogether but continue smoking? Perhaps this is an opportunity for 
the other possible modified risk tobacco products included in this study, snus and heat-
not-burn; as discussed previously, however, these intentions remain relatively low. 
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In refuting the role motivated reasoning played in current smokers’ interpretations 
of expert disagreement, it is worth noting that unmeasured variables, including how 
seriously current smokers are contemplating quitting (Biener & Abrams, 1991), may play 
a meaningful role that cannot be easily explored without this data. However, given 
random assignment to condition, one could expect that readiness to quit tobacco is 
equally variable across current smokers across conditions, reducing its explanatory power 
for this direct effect of exposure to message. Still, past quit attempts did arise in current 
smokers’ responses. Several comments from current smokers suggested they trust FDA-
approved smoking cessation products when it comes to their serious quit attempts. One 
current smoker and never vaper exposed to disagreement said they “think its [sic] better 
to quit smoking with losenges [sic].” Another claimed, “most likely when I quit again, it 
will be with nicotine patches, I was successful before. Unfortunately I started back later.” 
For these smokers, hesitation to use e-cigarettes may be fundamentally rooted to the risk 
of attempting to quit without a guarantee that their cessation tool will work. 
Alternatively, some smokers may falsely assert rationalism towards their addiction, 
acting like their continued use is a conscientious and active choice. One current smoker 
exposed to the high disagreement-high uncertainty message bluntly reasoned, “there are 
high risks in all types of nicotine products. It is up to each individual person to decide if 
smoking those products outweigh living longer. No one can make them stop except 
themselves.” Another current smoker in the no-message control echoed this sentiment: 
“Tobacco companies don’t want us to quit, even if it means we die from smoking, but it 
all comes down to ME, they aren’t forcing me to smoke..that is my choice.” This 
narrative pairs well with other narratives that dismiss scientific evidence, as encapsulated 
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in this comment from a current smoker in the no-message control: “I’ve seen smokers 
live to be 100 and marathon runners die at 32. The anti smoking groups have gotten out 
of hand… Enough is enough… Let people make their own choices in peace.” If paired 
with data about stage of change, these comments point to an opportunity credible sources 
could play in promoting proven cessation tools with messages about the efficacy of 
multiple quit attempts and smoking cessation aids. 
Exposure to disagreement had no effect on never e-cigarette users, whose 
intentions to use e-cigarettes were low regardless of condition (Mnever vapers=1.296 on 5-
point scale, where 1=“extremely unlikely”). Never e-cigarette users in this sample were 
mostly former smokers (n=313, 71.8% of 436 never e-cigarette users). If these former 
smokers are unlikely to try e-cigarettes regardless of their information exposure, this is a 
public health win regardless of endorsement of e-cigarettes’ role in harm reduction: 
abstention from e-cigarettes means not putting themselves back on the spectrum of 
tobacco risk. As one former smoker and never e-cigarette user put it, “If people are trying 
to quit smoking tobacco for health reasons then why still smoke tobacco in any form, 
vape or not?”  
Assessing the importance of these findings also requires evaluating the nature of 
history when studying ongoing scientific research. Could this result have been detected if 
data were collected after widespread knowledge of vaping-associated lung injuries? 
Although this data was collected before “EVALI” (e-cigarette, or vaping, product use 
associated lung injury) was first coined in August 2019 (Hooper & Garfield, 2019), initial 
cases were documented in June 2019 (Kalininskiy et al., 2019). Yet, using the open 
response field as an indicator, participants in this sample largely did not have knowledge 
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of these injuries. One participant pointed out, “[t]heres [sic] been news re[g]arding [sic] 
teens getting lung diseases from e-cigs.” Another noted, “vaping can put fluids in yo[ur] 
lungs.” Despite these two comments, pulmonary injury was not part of the discourse of 
many current and former smokers at this period. Additionally, there was no evidence that 
respondents considered e-cigarettes as paraphernalia for marijuana, as no respondents 
mentioned the drug (except for one respondent waxing conspiratorial over a “left-wing 
outrage machine churning out propaganda” about vaping while pushing to make 
marijuana legal, despite knowing marijuana “to be socially and physically damaging and 
more often than not leads to even more damaging drug use and addictions”). In all, 
contextualizing these results at this point of history lends insight into how significantly 
discourse about e-cigarettes may have changed with revelations of pulmonary injuries 
caused by vaping marijuana. Had EVALI been part of the cultural record during this 
study, I may have both expected intentions to use e-cigarettes would be lower across all 
conditions while still seeing the result that current vapers were more likely to intend to 
stop vaping completely when exposed to disagreement. 
Effects of Disagreement on Adverse Beliefs About E-Cigarettes 
Finally, this study considered whether exposure to expert disagreement could 
increase a set of adverse beliefs about e-cigarettes. 
I found that exposure to high levels of expert disagreement significantly increased 
feelings of overload about e-cigarette recommendations and exhaustion about e-cigarette 
information. These outcomes, which were developed from a set of previously validated 
measures of adverse reactions to cancer information (Jensen et al., 2014), support the 
literature suggesting a suite of negative effects from conflicting health information, 
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expanding it in this case of messages about conflict. One current smoker exposed to the 
high disagreement condition expressed impatience with the state of research, saying, 
“everything is always proved [sic] wrong the next day.” Others rightly pointed out that 
such is the nature of scientific evidence, with another current smoker in the no-message 
control stating, “alternatives to traditional smoking have not had the time involved to 
determine long term negative health effects.” Still, some respondents were “just tired of 
hearing and reading about e-cigs,” as one current smoker and daily vaper curtly put it. 
Despite this pair of findings to support the effect of expert disagreement on 
adverse beliefs, there were no significant differences by condition regarding confusion 
about e-cigarettes or the credibility of health experts. Regardless of whether there were 
significant differences by condition, confusion and credibility remain crucial issues for 
communicators hoping to reach this population of current and former smokers. As one 
current smoker, sometimes vaper in the no-message control said, “I don’t know what I 
believe about all tbese [sic] studies_- confusing.” Another current smoker in the low-low 
control echoed this sentiment: “there is so much written about each that individuals are 
confused about what to believe.” In the face of this confusion, some respondents 
emphasized the recommendation they had received from their own physicians, a 
population most Americans trust more than any other kind of expert, including scientific 
researchers (National Science Board, 2018). Some emphasized that their doctor’s advice 
makes them dismissive of messages encouraging them to quit. One current smoker in the 
no-message control said, “I'm in excellent health according to my PCP.  So I'm going to 
continue to enjoy my cigarettes and not worry about it.” Others offered that their doctor 
had discouraged their use of e-cigarettes, as discussed by one current smoker who said, “I 
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have tried vaping and my dr [sic] says it is more dangerous than smoking so id [sic] be 
skeptical of other things as well.” 
One outcome I did not set out to measure was skepticism, although that certainly 
became a clear theme—distinct from cynicism—in responses. Skepticism was certainly 
present in comments about whether e-cigarettes could have reduced risks, as discussed 
above. Per one former smoker in the high disagreement-high uncertainty condition, “I am 
extremely skeptical of anything that is smoked, chewed or otherwise imbibed that is 
related to tobacco (or make-believe tobacco).” As one former smoker of cigarettes, 
cigars, and pipes exposed to the low-low control also put it, “people who are ‘vaping’ and 
engaging in these other methods of tobacco use are ignorant, misled or incredibly 
gullible.” Yet, another source of skepticism was how experts could know so little about e-
cigarettes if they were on the market. One current smoker and current vaper in the high 
disagreement condition said, “I find it hard to belive [sic] that scientists dont [sic] know 
the effects on a human.” This smoker’s skepticism was matched by another current 
smoker, current vaper’s: “I would've thought these e cigs [sic] were to be checked out 
before they hit the market.”  
As discussed in the study, skepticism made way for cynicism towards e-cigarette 
manufacturers among some respondents. However, I found that cynical beliefs were 
highest among those exposed to the no-message control, particularly compared to those 
exposed to the high disagreement condition, which I had hypothesized would have the 
highest levels of cynicism. Perhaps not hearing any information induces more cynicism 
than at least knowing scientists are working on the problem, even if they disagree; left to 
ones’ own devices, cynicism reigns. A former smoker, never vaper in the no-message 
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control emphasized the connection between e-cigarettes and potential MRTPs as pieces 
of a greater conspiracy:  
Tobacco industry targets young people to start smoking by introducing alternative 
products in addition to cigarettes, cigars, etc. As the older population dies off or 
stops smoking, they need to recruit new smokers. Even when customers are aware 
of the potential health risks, it is extremely difficult to stop smoking/using 
alternatives such as SNUS, vaping, etc.  
 
This theme of cynicism towards e-cigarettes because of youth use was prominent in 
several answers across current and former smokers, regardless of condition, as were 
comments about information repression. For one current smoker, one-time vaper exposed 
to the high uncertainty condition, information repression was obvious: “the companies do 
have alot [sic] more information but are not releasing it to the public.” Naturally, 
respondents viewed capitalism as the root of this corruption. One former smoker exposed 
to a high disagreement-high uncertainty message asserted, “Making money is the only 
reason [e-cigarettes] exist and research results can be bought!”  
The previous comment points to a cynicism towards the entire regulatory world—
and the FDA in particular—shared by several respondents. One former smoker in the no-
message control commented: 
Not sure I trust the FDA—it seems, especially with the current administration, 
that government agencies and officials can be bought off by monied interests such 
as the tobacco industry. I would have to look very carefully at the research (who 
funded it, who conducted it, the protocols, etc [sic]) before I would put much 
stock in the publicized findings.  
 
Two other comments equated claims made by the FDA and those from the tobacco 
industry. The first from another former smoker in the no-message control, said, “I don't 
care what any tobacco company or the FDA might say about any tobacco product being 
safe. NO tobacco product is safe and I think any product that is designed as a nicotine 
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deliver[y] system should be banned.” A current smoker in the no-message control 
echoed, “Tobacco companies and FDA are only interested in the bottom dollar!” These 
responses may have been prompted by the preceding questions about potential MRTPs, 
but they still reveal a lack of trust towards regulatory authorities that could grow more 
troubling as decisions about MRTPs come to pass. 
Conclusions and Limitations 
As I conclude my interpretation of the results from Study 3, several limitations are 
worth noting. First, some outcomes did not scale in ways that lend strength to these 
findings. Some of these lower scale reliabilities align with low reliabilities within 
published research using the scales, including expert credibility (Hardy et al., 2019) and 
confusion (Nagler, 2014); both of these outcomes as measured were not significantly 
affected by exposure to disagreement, introducing questions about whether more reliable 
and sensitive measures could have observed these hypothesized effects.   
Further, the no-message control used in this study performs dissimilarly to the 
low-low control condition. I did not hypothesize differences in controls, which 
complicates post hoc analysis when they perform significantly differently. For example, 
the low-low control had the highest level of perceived expert consensus on untargeted 
healthy behavioral intentions compared to treatment conditions, but my no-message 
control had the lowest, although this difference was not significantly different in post hoc 
comparison, Mdiff=0.213, t(1,760)=2.105, p=.219. Similarly, cynical beliefs were 
significantly higher in the no-message control than in the low-low control, Mdiff= 0.297, 
t(1,760)=2.834, p=.038. It could be that providing respondents with any message about e-
cigarettes could be an improvement given the beliefs they bring into the experimental 
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setting. That the no-message control has been volatile but useful underscores the 
importance of a no-message control in this volatile information environment around e-
cigarettes—smartphone push notifications from news outlets about lung infections, 
updates on recommendations from credible institutions like the CDC recommendations, 
and the like. Without a no-message control for planned contrasts in one-way ANOVA, I 
would lose the ability to compare what even my hypothesized neutral message could be 
doing to affect beliefs and intentions. 
Next, questionnaire order is a nonnegligible factor that may muddy the observed 
results on intentions to use e-cigarettes, as these intention measures were collected after 
the initial set of untargeted health behavioral intention outcomes and the adverse belief 
outcomes. In designing this study, I was motivated by the desire to most cleanly measure 
the effects of stimuli on these untargeted health behaviors, a design choice that would 
strengthen my claims about spillover effects had I observed them. Regardless, this choice 
means my claim about the effects of messages on behavioral intentions towards e-
cigarettes could be muddied by the measures collected in between that outcome and 
exposure. There could be reason to believe that questions prompting respondents to 
consider a set of adverse beliefs, including confusion, recommendation overload, 
information exhaustion, expert credibility, and cynicism towards e-cigarettes, also 
negatively affected their intentions to use e-cigarettes. However, the significant 
differences I observed by condition lend support to my conclusion that reduced intentions 
to use e-cigarettes are produced by exposure to expert disagreement. 
Although I deliberately powered my study to examine key differences between 
current and former smokers, I did not deliberately sample for current vapers (n=190), 
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which raises difficulties for looking at this subgroup’s effects. Despite this concern, the 
study was sufficiently powered to observe a significant effect of exposure to expert 
disagreement on increased intentions to stop using e-cigarettes, opposite than 
hypothesized. However, as these effects were not hypothesized, and the subgroup was 
small, further research is needed to substantiate this conclusion about motivated 
reasoning. 
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Chapter 6 – Conclusions from Three Studies 
In this final chapter, I review the major findings from this dissertation’s three 
studies and conclude with meditations on the questions posed in the preface and first 
chapter.  
Major Findings 
Study 1 – Measuring Uncertainty in News Coverage 
I began my series of studies by observing how e-cigarettes were covered in high-
circulation print journalism as an emerging science topic. In particular, I sought to 
measure two kinds of scientific uncertainty coverage that, based on previous research, 
could be driving distinct effects in audiences regarding their perceptions of experts and 
their subsequent health decisions. As demonstrated in this first study, trained coders were 
able to distinguish between these two ways of covering scientific uncertainty. 
The first kind of coverage included conflict messages, defined as messages 
pointing to experts in a state of disagreement or pitted in opposite sides of a public health 
debate. I hypothesized that this coverage would decrease with the publication of a 
NASEM consensus study report in January 2018. This hypothesis was driven by the 
expectation that convening the nation’s top experts and pointing to their agreement on a 
topic of scientific research would trickle through public discourse, thereby decreasing the 
prevalence of conflict messages in media coverage. Although this study could not test 
this agenda-setting mechanism, this hypothesis was supported: news coverage included 
significantly less conflict in the six months after the NASEM report publication than in 
the previous twelve months.  
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Post-hoc analysis suggested a decrease in conflict messages over time, even 
before publication of the expert consensus report. Additionally, the data did not support 
my hypothesis that limited evidence messages would increase in this period. Such 
messages would be using the language of the NASEM consensus study by emphasizing 
what science does and does not know, but I did not observe this substitution effect in 
coverage. 
This study contributed an iteratively designed codebook for defining conflict and 
limited evidence messages and pointed to observable differences between these two 
concepts in coverage. Additionally, the results of this study provided the ecologically 
valid stimuli for the subsequent two experimental studies. 
Study 2 – Validating Differential Perceptions from Exposure to Uncertainty Messages 
The distinctions I make between types of uncertainty messages—those at the 
heart of this dissertation—are subtle, complex, and not altogether obvious. However, as I 
demonstrate in Study 1, with training, coders can be taught to make these distinctions and 
reliably discern examples of each type into the appropriate categories. Regardless, what 
was not immediately clear was whether these distinctions would be readily apparent to an 
audience without training, even in the context of an experimental study with forced 
exposure.  
Using the stimuli derived from the content analysis in a multiple message design, 
this study (N=457 adult American current and former smokers, ever and never vapers) 
sought to test the first step linking potential exposure to conflict to subsequent spillover 
effects: do conflict messages increase perceptions of expert disagreement? Do limited 
evidence messages similarly increase perceptions of expert uncertainty? And, crucially, 
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do these messages differentially produce these effects, lending more credibility to the 
hypotheses that they are operationally distinct for future research? 
Results from this study were supportive of these hypothesized effects of conflict 
on perceptions of expert disagreement and limited evidence on perceptions of expert 
uncertainty. Furthermore, these effects were differential—conflict messages did not 
subsequently increase perceptions of expert uncertainty, nor did limited evidence 
messages increase perceptions of expert disagreement. However, combining these 
messages did increase perceptions of both expert disagreement and uncertainty, 
compared to stimuli without either message (control). For all stimuli, these effects were 
not explained by other unintentional differences between messages on argument strength, 
non-narrative engagement, or negative emotions. 
The fact that there was a fair amount of clarity in the sample’s ability to 
discriminate between the two types of uncertainty messages is evidence that the subtle 
distinctions I lay out in the first study translate into perceptual differences for audiences. 
These perceptual differences were even apparent to audiences when texts were evaluated 
on their own merits rather than in comparison. Although these distinctions between 
messages about conflict and limited evidence are certainly subtle, and individuals can be 
trained to see them (Study 1), it is also the case that individuals are able to make these 
distinctions without any prior training (Study 2). 
Study 3 – Testing for Spillover  
The final study in this series used these now-validated messages—demonstrated 
to differentially affect perceptions of expert disagreement and expert uncertainty—to test 
if these perceptions subsequently affect unrelated health behavioral intentions, the so-
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called spillover test. For this study on e-cigarettes, I measured a class of distantly related 
behaviors for which observing spillover would arguably be most difficult—a set of 
cancer risk reducing recommended behaviors about exercising, consuming fruits and 
vegetables, reducing alcohol intake, and limiting unprotected sun exposure. These 
behaviors were not specifically designed to capture a latent class of recommended 
healthy behaviors, but, like tobacco cessation, each is recommended by CDC to reduce 
cancer risk. I also measured a set of more closely related health behaviors for which 
observing spillover could be more possible given cognitive relevance to e-cigarettes—a 
set of recommendations about tobacco use and possible MRTP use. 
Results support this distinction between kinds of spillover based on the 
conceptualized closeness of topics. Exposure to messages inducing perceptions of expert 
disagreement about e-cigarettes did not significantly increase spillover for all cancer risk 
reducing behaviors except for exercise intentions, in which case, counter to hypotheses, 
exposure to conflict increased intentions to comply with exercise recommendations. As 
suggested previously, perhaps this manipulation was too weak to activate cognitions 
about other health behaviors, and a multiple exposure paradigm would be better able to 
capture this spillover phenomenon hypothesized in previous research. 
Although I did not observe spillover in these untargeted health behaviors, more 
closely related behaviors regarding tobacco use were affected by exposure to expert 
disagreement about e-cigarettes. These results suggest that perhaps for smokers and e-
cigarette users, identity has not yet been as central for dictating behavior in e-cigarette 
use, making biased processing and motivated reasoning less likely. Given the large effect 
sizes of these results, it may stand to reason that in the context of new products like e-
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cigarettes, providing uncertainty information may be more likely to be directly 
efficacious as opposed to risking backfire effects.  
As discussed in Chapter 5, many respondents provided additional comments that 
provided some color and insight to these experimental findings.  
What Can Experts Say When Science is Uncertain? 
This dissertation began with a question about the communication decisions 
experts make in times of scientific uncertainty and the effects of that communication. 
Returning to that question now, the distinction I initially proposed between messages 
about conflict and those about limited evidence has proven to be useful, in that these 
messages can be identified both by trained coders and perceived as distinct by an 
untrained audience. Whether those perceptions can affect health decisions produced 
mixed results for Study 3: yes, for some decisions directly tied to the scientific 
uncertainty presented, and no for others of greater cognitive distance to the present 
uncertainty. Minding the many limitations from these studies, this result could be a useful 
experimental addition to the literature on communicating uncertainty and conflicting 
messages in health and science. 
Still, experts still know very little about how to communicate in contexts where 
core uncertainty rules the scientific endeavor, but public health requires immediate 
action. In such cases, it would be naïve to omit the important role disagreement plays in 
public discourse. My focus on e-cigarettes provides one lens for answering this broader 
question as it applies to other emerging science issues. Although the series of studies 
were fundamentally motivated by the literature on cancer communication and climate 
change communication, as this dissertation concludes, now more than ever, the most 
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attention-grabbing example is the COVID-19 pandemic. While this series of studies 
cannot capture the turbulent public communication environment of changing (and 
conflicting) expert recommendations for this case study, further research undoubtedly 
will. I would here like to invite additional scrutiny of this work for my own future 
research and by my fellow communication researchers, as our research and inquiry will 
be increasingly important as we deal with this problem.     
As future researchers evaluate the effects of communication decisions made under 
uncertainty and duress from all levels of public health authority—and the ways these 
decisions or uncertainties have been politicized—some conclusions from this case study 
on e-cigarettes may be applicable. Here, I am thinking primarily about changing and 
often conflicting recommendations about the use of unproven antiviral medication in 
treating COVID-19, the shifting recommendations about the civilian use of facemasks 
and other personal protective equipment, and the broader arc of dismissing any pandemic 
threat over the course of months in early 2020 as the disease reached pandemic levels.  
The first lesson from this series of studies may be that the broader public is not 
immune to conflicting messages. Participants in Study 2 clearly discerned a difference 
between expert communicators who point to their areas of uncertainty and those who 
devolved into disagreement. However, in these studies, such differences in rhetoric did 
not make themselves immediately apparent in differences of confusion. It may be that 
confusion is rampant regardless of how uncertainty is presented. A notable caveat in 
applying the results of this research to the ongoing pandemic is the nature of short-term, 
brief exposures to conflicting messages as incompatible with the constant onslaught of 
uncertain information that categorizes the immediate danger and disagreement of the 
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COVID-19 communication environment. Again, a consideration of cumulative exposure 
(especially experimental designs that incorporate multiple exposures over time) will be 
necessary for understanding both the short- and long-term effects of exposure to 
subsequent perceptions of experts, facticity, and scientific legitimacy (and how these 
perceptions impact collective behaviors). 
Regardless, the comparisons between this topic of uncertainty and COVID-19 
omits an even more obvious point of contrast: the sudden onset (and inconclusive 
pathology) of EVALI, the vaping product use-associated pulmonary injuries that carried 
many news cycles in the second half of 2019. How these injuries catalyzed more severe 
regulation in the e-cigarette industry6 shows the swift moves policymakers can take when 
emerging scientific issues are prominent in the public mind, despite the long tail of 
regulatory inaction that marked the period studied herein.  
Despite the distinctions between these two emerging science issues, the two are 
inextricably linked in the present for the decisions smokers and vapers must face as their 
tobacco consumption becomes the most urgent pre-existing condition in a respiratory 
disease pandemic. While these studies were in the field, the calculus of encouraging 
smokers to quit smoking was a benefit for their long-term health, the kind of existential 
question I pointed to in this dissertation’s prologue. The decisions a smoker may make to 
quit smoking by using e-cigarettes were viewed as benefiting them in the long run, but 
6 …despite a lack of clear evidence as to whether the restrictions and public disdain placed on prominent e-
cigarette companies like JUUL actually solved the pathos for these injuries. As recently as April 2020 
(https://www.health.harvard.edu/blog/evali-new-information-on-vaping-induced-lung-injury-
2020040319359), public health experts point to the vaping of THC (the primary psychoactive ingredient in 
marijuana) and e-liquids containing vitamin E acetate (also used for vaping illicit and counterfeit 
substances), as the likely culprits of many of the 68 EVALI deaths. 
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the urgency by which they may need to make that decision now—and the means by 
which they should consider quitting smoking—have changed remarkably in this time 
period. Although I assumed the progress of scientific research is slow and methodical 
with insufficient and limited evidence driving research opportunities, current events have 
added even more unanswered questions to the list. How public health experts may 
leverage this moment as a catalyst for widespread tobacco use reduction depends on the 
ways they can craft many layers of messages around uncertainty. 
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Appendix A 
This appendix includes supplemental materials from Study 1 (Chapter 2). 
Figure 10: Distribution of the count of validated search terms in headlines of returned 
articles (N=376). 
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Table 21: Codebook used by trained coders, including inclusion and exclusion examples 
from corpus. 
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Appendix B -- Stimuli Instances from Chapters 3 and 4 (Studies 2 and 3) 
Condition 1: Conflict Messages 
Stimulus Instance 1 
Battles rage over e-cigarettes, sparking heated debate among experts 
For a decade, scientists have debated the safety of e-cigarettes: Are they safer than 
tobacco? Can they help people quit smoking?  
This disagreement among scientists is changing friendships within the tobacco control 
movement, as public health advocates are still debating whether e-cigarettes represent a 
health risk or potential benefit. 
“It's become very divisive in a community that was largely united against Big Tobacco,” 
said Samir Soneji, an associate professor at the Dartmouth Institute for Health Policy and 
Clinical Practice, who researches tobacco control policy. 
On one side are analysts such as Kenneth Warner, a public health professor and 
economist at the University of Michigan, who focus on how vaping could lower adult 
tobacco use. This school of thought argues that e-cigarettes—specifically ones that taste 
good—help people quit tobacco, benefitting current smokers. 
E-cigarettes, proponents argue, could provide a means to compete with, and even replace,
cigarette use, saving more lives more rapidly. They cite evidence that two million
smokers have already quit thanks to e-cigarettes, with vaping products the most widely
used quit-smoking tool.
David Abrams, a professor of social and behavioral sciences at NYU College of Global 
Public Health, said studies show these harm reduction approaches reduce mortality. If 
most current American smokers switched to vaping e-cigarettes over the next 10 years, 
there could be as many as 6.6 million fewer early deaths and 86.7 million fewer life years 
would be lost, Dr. Abrams said. 
Additionally, advocates point out that e-cigarettes lack tar and do not make smoke linked 
with cancer-causing chemicals in cigarettes. E-cigarette vapor mostly contains fewer 
toxic substances at lower levels than smoke from cigarettes, according to a report from 
the National Academies of Sciences, Engineering and Medicine published earlier this 
year. 
While the vapor may be less harmful than tobacco smoke, it is not risk-free, according to 
e-cigarette opponents like Mark Rubinstein, a medical professor at the University of
California San Francisco, claims. Recent research has raised concerns about the potential
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health effects of flavors in vaping liquids as they are heated and become airborne, with 
new research suggesting flavor chemicals may be harmful. 
“This is not water vapor,” Dr. Rubinstein said. 
“It’s a double-edged sword in some ways,” FDA Commissioner Scott Gottlieb said. 
“Flavors in this context could do both harm and good.”  
Meanwhile, many adult smokers do not actually quit tobacco but use vapes in places 
where cigarettes are banned, said John Pierce, a professor for cancer research at the 
University of California-San Diego. In fact, one study projects that for every one person 
who used e-cigarettes to quit smoking in 2015, another 81 people eventually become 
daily cigarette users through e-cigarette use that year. 
While e-cigarettes remain available for purchase, scientists remain in disagreement over 
their safety and use for smoking cessation.  
Stimulus Instance 2 
Fights over e-cigarette effects leave experts in disagreement 
Vaping's likely benefit or harm is fiercely debated. 
On one side are e-cigarette opponents like Mark Rubinstein, a medical professor at the 
University of California San Francisco, claims. Dr. Rubinstein warns that while e-
cigarette vapor may be less risky than tobacco smoke, it is not risk-free. Recent research 
has raised concerns about the potential health effects of solvents and flavors in vaping 
liquids as they are heated and become airborne, with new research suggesting flavor 
chemicals may be harmful.  
“This is not water vapor,” Dr. Rubinstein said. 
Additionally, e-cigarette opponents fear many adult smokers do not actually quit tobacco 
but use vapes in places where cigarettes are banned, said John Pierce, a professor for 
cancer research at the University of California-San Diego. One study concludes that for 
every one person who used e-cigarettes to quit smoking in 2015, another 81 people 
eventually became daily cigarette users through e-cigarette use that year. 
On the other side are e-cigarette proponents like Kenneth Warner, a public health 
professor and economist at the University of Michigan, who focus on how vaping could 
lower adult tobacco use. This school of thought argues that e-cigarettes—specifically 
ones that taste good—help people quit tobacco, aiding current smokers. 
“It’s a double-edged sword in some ways,” FDA Commissioner Scott Gottlieb said. 
“Flavors in this context could do both harm and good.”  
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E-cigarettes, proponents argue, could provide a means to compete with, and even replace,
cigarette use, saving more lives more rapidly than before. They cite evidence that two
million smokers have already quit thanks to e-cigarettes, with vaping products the most
widely used quit-smoking tool.
David Abrams, a professor of social and behavioral sciences at NYU College of Global 
Public Health, said studies show these harm reduction approaches reduce deaths. If most 
current American smokers switched to vaping e-cigarettes over the next 10 years, there 
could be as many as 6.6 million fewer early deaths and 86.7 million fewer life years 
would be lost, Dr. Abrams said. 
Additionally, advocates point out that e-cigarettes lack tar and do not make smoke linked 
with cancer-causing chemicals in cigarettes. E-cigarette vapor mostly contains fewer 
toxic substances at lower levels than smoke from cigarettes, according to a report from 
the National Academies of Sciences, Engineering and Medicine published earlier this 
year. 
With evidence for harms and benefits on both sides, disagreement among scientists is 
changing friendships within the tobacco control movement.  
“It's become very divisive in a community that was largely united against Big Tobacco,” 
said Samir Soneji, an associate professor at the Dartmouth Institute for Health Policy and 
Clinical Practice, who researches tobacco control policy.  
It appears a resolution to this fight is not in sight. 
Stimulus Instance 3 
Sparks fly as experts disagree about e-cigarette effects 
Disagreement among scientists is changing friendships in the tobacco control movement, 
as public health advocates debate whether e-cigarettes represent a health risk or potential 
benefit. 
“It's become very divisive in a community that was largely united against Big Tobacco,” 
said Samir Soneji, an associate professor at the Dartmouth Institute for Health Policy and 
Clinical Practice, who researches tobacco control policy. 
E-cigarette advocates point out that e-cigarettes lack tar and do not make smoke linked
with cancer-causing chemicals in cigarettes. E-cigarette vapor mostly contains fewer
toxic substances at lower levels than smoke from cigarettes, according to a report from
the National Academies of Sciences, Engineering and Medicine published earlier this
year.
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While the vapor may be less harmful than tobacco smoke, it is not risk-free, according to 
e-cigarette opponents like Mark Rubinstein, a medical professor at the University of
California San Francisco, claims. Recent scientific studies have raised fears about the
potential health effects of flavors in vaping liquids as they are heated and become
airborne, with new research suggesting flavoring chemicals may be harmful.
“This is not water vapor,” Dr. Rubinstein said. 
“It’s a double-edged sword in some ways,” FDA Commissioner Scott Gottlieb said. 
“Flavors in this context could do both harm and good.”  
While researchers disagree on the effects of vapor, they also debate whether e-cigarettes 
can help adult smokers quit. 
One school of thought argues that e-cigarettes help people quit tobacco, aiding current 
smokers. 
This side includes Kenneth Warner, a public health professor and economist at the 
University of Michigan who focuses on how vaping could lower adult tobacco use. 
Proponents argue e-cigarettes could provide a means to compete with, and even replace, 
cigarette use, saving more lives more rapidly than previously possible. They cite research 
that suggests two million smokers have already quit thanks to e-cigarettes, with vaping 
products the most widely used quit-smoking tool.  
David Abrams, a professor of social and behavioral sciences at NYU College of Global 
Public Health, said studies show these harm reduction approaches reduce mortality. If 
most current American smokers switched to vaping e-cigarettes over the next 10 years, 
there could be as many as 6.6 million fewer early deaths and 86.7 million fewer life years 
would be lost, Dr. Abrams said. 
Opponents disagree with this logic. John Pierce, a professor for cancer research at the 
University of California-San Diego, says many adult smokers do not actually quit 
tobacco, but use vapes in places where cigarettes are banned. Counter to e-cigarettes 
proponents’ logic, one study projects that for every one person who used e-cigarettes to 
quit smoking in 2015, another 81 people eventually become daily cigarette users through 
e-cigarette use that year.
Another recent study found no evidence that e-cigarettes are better than offering free 
conventional smoking cessation aids or just providing information. 
“Do they help people stop smoking? The answer to that is clearly no," said lead author 





While e-cigarettes remain available for purchase, scientists remain in disagreement over 
their safety and use for smoking cessation. 
 
Stimulus Instance 4 
Clashing findings fuel vaping debate 
There remains a dispute over the long-term impact of e-cigarettes and how they should be 
regulated. Are they really an effective way to quit smoking? Does vaping introduce 
health issues all its own, unrelated to tobacco? Science and public policy have bounced 
back and forth for over a decade, as different studies produce different—and sometimes 
clashing—results.  
 
Supporters say that vaping is far safer than smoking tobacco cigarettes and that the 
products, which mostly heat a liquid nicotine solution into vapor, can help tobacco 
smokers quit. David Abrams, a professor of social and behavioral sciences at NYU 
College of Global Public Health, said studies show these harm reduction approaches 
reduce deaths. If most current American smokers switched to vaping e-cigarettes over the 
next 10 years, there could be as many as 6.6 million fewer early deaths and 86.7 million 
fewer life years would be lost, Mr. Abrams said. 
 
Other public health officials disagree with this forecast. In fact, many adult smokers do 
not actually quit tobacco but use vapes in places where cigarettes are banned, said John 
Pierce, a professor for cancer research at the University of California-San Diego. One 
study estimates that for every one person who used e-cigarettes to quit smoking in 2015, 
another 81 people eventually become daily cigarette users through e-cigarette use that 
year, Mr. Pierce said. 
 
Additionally, advocates point out that e-cigarettes lack tar and do not produce smoke 
linked with cancer-causing chemicals in cigarettes. Proponents point to research that 
concludes e-cigarette vapor generally contains fewer toxic substances at lower levels than 
smoke from cigarettes. 
 
While the vapor may be less hazardous than tobacco smoke, it is not risk-free. Recent 
scientific studies have raised concerns about the potential health effects of solvents and 
flavorings in vaping liquids as they are heated and become airborne, with other research 
suggesting flavoring chemicals may be harmful.  
 
Even experts from the National Academies of Sciences, Engineering, and Medicine cited 
both dangers and hopes for public health benefit as there remains no consensus on 
whether vaping can help anti-smoking efforts. Their report this year reflects the 
complexity of the issues surrounding e-cigarettes and the balancing act regulators face 
over the pros and cons of the alternatives to conventional cigarettes. 
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Stimulus Instance 5 
The battle heats up on vaping debate 
There remains a controversy over the long-term impact of e-cigarettes and how they 
should be regulated. Are they a good way to quit smoking? Does vaping introduce health 
issues all its own, unrelated to tobacco? Science and public policy have bounced back 
and forth for over a decade, as different studies produce different—and sometimes 
clashing—results. 
Supporters say that vaping is far safer than smoking tobacco cigarettes and that the 
products, which generally heat a liquid nicotine solution into vapor, can help tobacco 
smokers quit. These experts point to studies that suggest vaping could lower adult 
tobacco use, saving more lives more rapidly than previously thought possible. 
E-cigarettes’ opposition says the products are unsafe, with recent scientific studies
showing how flavoring chemicals may be harmful. Plus, these experts point out that e-
cigarettes are ineffective because they do not help smokers quit.
Even experts from the National Academies of Sciences, Engineering, and Medicine cited 
both dangers and hopes for public health benefit as there remains no consensus on 
whether vaping can help anti-smoking efforts. Their report this year reflects the 
complexity of the issues surrounding e-cigarettes and the balancing act regulators face 
over the pros and cons of the alternatives to conventional cigarettes. 
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B2.  Condition 2: Limited Evidence Messages 
Stimulus Instance 1 
Do e-cigarettes help or harm? Report has some answers as research asks more 
questions 
In a national consensus report of experts studying e-cigarettes, answers about e-cigarettes 
stood side-by-side with unanswered questions about their long-term health effects. 
Experts are demanding more research so that the effects of nicotine in the amounts and 
context of e-cigarettes can be properly understood. 
The panel of experts were convened by the National Academies of Sciences, 
Engineering, and Medicine. These experts conducted a comprehensive review of research 
in the field, categorizing evidence on various issues as conclusive, substantial, limited or 
nonexistent. The report issued this year wrestles with the potential benefits and harms of 
the vapor-emitting devices which have been sold in the U.S. for more than a decade. But 
those effects may not be known for decades, in part, because of how slowly illnesses 
caused by smoking emerge. 
E-cigarettes are vapor-emitting devices that have grown into a $4-billion-dollar industry
in the U.S. despite little research on their long-term effects, including whether they are
helpful in helping smokers quit cigarettes.
Medical experts are still trying to understand the potential risks tied to vaping. Most 
agree that it's safer than smoking traditional cigarettes, but little is known about long-
term effects. And while research has found trace amounts of chemicals like formaldehyde 
in many e-cigarettes, it's unclear whether they exist at levels that can cause health 
problems. 
There are no long-term studies on the health consequences of e-cigarettes and little 
consensus on whether they are effective in helping smokers quit, according to the report 
requested by the Food and Drug Administration. Their safety has not been extensively 
studied and there's no scientific consensus on whether they help reduce rates of cigarette 
smoking. 
John Ross, a hospitalist at Brigham and Women's Hospital who contributes to the 
Harvard Health Blog, said long-term safety data on e-cigarettes do not yet exist. 
Additionally, nicotine's long-term effects aren't well-known. As Dr. Ross pointed out, the 
effects of nicotine in isolation without tobacco smoke have not been studied. 
It's unclear whether e-cigarettes are more effective tools to quit smoking than the nicotine 
patch or drugs like Wellbutrin. It's also unclear whether flavors help. “The evidence is 
really limited,” Pamela Ling, a professor of medicine at the University of California-San 
Francisco, who studies tobacco and its marketing said. 
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In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. It ranked the quality of evidence in the research from “conclusive”—controlled 
studies of high quality, with no contradictory findings—to “substantial”—several 
findings from observational studies with few or no credible opposing findings—to areas 
where evidence was unavailable. 
Committee member Adam Leventhal, health behavior researcher at the University of 
South California, said follow-up studies are needed. 
“The limited data make regulation tricky,” said FDA Commissioner Scott Gottlieb. 
Stimulus Instance 2 
Do e-cigarettes help or harm? The long-term effects remain cloudy 
It's one of the most intensely researched questions in tobacco research, but the current 
answer is unsatisfying: We need more evidence to clearly say what’s true. In a national 
consensus report of experts studying e-cigarettes, answers about e-cigarettes stood side-
by-side with unanswered questions about their long-term health effects.  
The panel of experts was convened by the National Academies of Sciences, Engineering, 
and Medicine. These experts conducted a comprehensive review of research in the field, 
categorizing evidence on various issues as conclusive, substantial, limited or nonexistent. 
Almost all e-cigarette science comes with the caveat that more research is needed. Most 
medical experts agree that vaping e-cigarettes is safer than smoking traditional cigarettes, 
but little is known about long-term effects. And while research has found trace amounts 
of chemicals like formaldehyde in many e-cigarettes, it's unclear whether they exist at 
levels that can cause health problems. 
John Ross, a hospitalist at Brigham and Women's Hospital who contributes to the 
Harvard Health Blog, said long-term safety data on e-cigarettes do not yet exist. 
Additionally, nicotine's long-term effects aren't well-known. 
It's also unclear whether e-cigarettes are more effective tools to quit smoking than the 
nicotine patch or drugs like Wellbutrin. “The evidence is really limited,” said Pamela 
Ling, a professor of medicine at the University of California-San Francisco, who studies 
tobacco and its marketing. 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. It ranked the quality of evidence in the research from “conclusive”—controlled 
studies of high quality, with no contradictory findings—to “substantial”—several 
findings from observational studies with few or no credible opposing findings—to areas 




Stimulus Instance 3 
The great mystery of e-cigarettes: Do they help or harm?  
 
In a national consensus report of experts studying e-cigarettes, answers about e-cigarettes 
stood side-by-side with unanswered questions about their long-term health effects. 
 
The panel of experts was convened by the National Academies of Sciences, Engineering, 
and Medicine. These experts conducted a comprehensive review of research in the field, 
categorizing evidence on various issues as conclusive, substantial, limited or nonexistent. 
The report issued this year wrestles with the potential benefits and harms of the vapor-
emitting devices which have been sold in the U.S. for more than a decade. But those 
effects may not be known for decades, in part, because of how slowly illnesses caused by 
smoking emerge. 
 
E-cigarettes are vapor-emitting devices that have grown into a $4-billion-dollar industry 
in the U.S. despite little research on their long-term effects. 
 
Included in these long-term effects are whether e-cigarettes are effective to help smokers 
quit. There are no long-term studies on whether e-cigarettes are effective in helping 
smokers quit. Their safety has not been extensively studied and there's no scientific 
consensus on whether they help reduce rates of cigarette smoking. It's unclear whether e-
cigarettes are more effective tools to quit smoking than the nicotine patch or drugs like 
Wellbutrin. It's also unclear whether flavors help. 
 
Experts are demanding more research so that the effects of nicotine in the amounts and 
context of e-cigarettes can be properly understood. Most agree that it's safer than 
smoking traditional cigarettes, but little is known about long-term effects. And while 
research has found trace amounts of chemicals like formaldehyde in many e-cigarettes, 
it's unclear whether they exist at levels that can cause health problems. 
 
It's also not clear whether exposure to chemical flavorings might be better or worse for 
human health than nicotine, which also strongly affects blood vessels and the heart. Still, 
people haven't been using e-cigarettes long enough yet for scientists to develop a clear 
picture of any safety issues. 
 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. It ranked the quality of evidence in the research from “conclusive”—controlled 
studies of high quality, with no contradictory findings—to “substantial”—several 
findings from observational studies with few or no credible opposing findings—to areas 
where evidence was unavailable. 
 
“The limited data make regulation tricky,” said FDA Commissioner Scott Gottlieb. 
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Stimulus Instance 4 
Long-term effects of e-cigarettes remain cloudy 
It's one of the most intensely researched questions in tobacco research, but the current 
answer is unsatisfying: We need more evidence to clearly say what’s true.  
E-cigarettes are vapor-emitting devices that have grown into a $4-billion-dollar industry
in the U.S. despite little research on their long-term effects. The question of long-term
effects is one that doctors, researchers, and scientists are grappling with as they weigh the
potential public health consequences of cigarette alternatives. One thing is clear: There is
still much the science community doesn't know about e-cigarettes, which were first
imported to the U.S. market in 2006. Researchers are wrestling with the potential effects
of the vapor-emitting devices, but those effects may not be known for decades, in part,
because of how slowly illnesses caused by smoking emerge.
Medical experts are still trying to understand the potential effects of vaping. Most agree 
that it's safer than smoking traditional cigarettes, but little is known about long-term 
effects. And while research has found trace amounts of chemicals like formaldehyde in 
many e-cigarettes, it's unclear whether they exist at levels that can cause health problems. 
John Ross, a hospitalist at Brigham and Women's Hospital who contributes to the 
Harvard Health Blog, said long-term safety data on e-cigarettes do not yet exist. 
Additionally, nicotine's long-term effects aren't well-known. As Dr. Ross pointed out, the 
effects of nicotine in isolation without tobacco smoke have not been studied. 
Others echoed this concern that the long-term side effects of e-cigarettes are unclear. “We 
just don't know if moving to e-cigarettes is good enough to reduce the harm,” said Aruni 
Bhatnagar, director of the American Heart Association's Tobacco Research and 
Addiction Center. 
It's also not clear whether exposure to chemical flavorings might be better or worse for 
human health than nicotine, which also strongly affects blood vessels and the heart. Still, 
people haven't been using e-cigarettes long enough yet for scientists to develop a clear 
picture of any safety issues, especially when it comes to nicotine- free vaping, said 
Maciej Goniewicz of Roswell Park Comprehensive Cancer Center in Buffalo, New York. 
“Combustible tobacco products already release many toxicants that cause cardiovascular 
diseases, but the situation may be different for e-cigarettes that do not burn tobacco,” 
Goniewicz said. “I think it is important for future studies to compare the cumulative 
toxicity of the inhaled e-cigarette aerosol with and without flavored chemicals.” 
Additionally, there are no long-term studies on whether e-cigarettes are effective in 
helping smokers quit. Their safety has not been extensively studied and there's no 




whether e-cigarettes are more effective tools to quit smoking than the nicotine patch or 
drugs like Wellbutrin. It's also unclear whether flavors help. 
 
“The evidence is really limited,” Pamela Ling, a professor of medicine at the University 
of California-San Francisco, who studies tobacco and its marketing, said. 
 
“The limited data make regulation tricky,” said FDA Commissioner Scott Gottlieb. 
“While there's still much research to be done on these products and the risks that they 
may pose, they may also present benefits that we must consider.” 
 
Stimulus Instance 5 
Do e-cigarettes help or harm? The long-term effects remain cloudy 
 
In a national consensus report of experts studying e-cigarettes, experts are demanding 
more research so that the effects of nicotine in the amounts and context of e-cigarettes 
can be properly understood. 
 
The panel of experts was convened by the National Academies of Sciences, Engineering, 
and Medicine. The report issued this year wrestles with the potential benefits and harms 
of the vapor-emitting devices which have been sold in the U.S. for more than a decade. 
But those effects may not be known for decades, in part, because of how slowly illnesses 
caused by smoking emerge. 
 
There is little consensus on whether e-cigarettes are effective in helping smokers quit, 
according to the report requested by the Food and Drug Administration. It's unclear 
whether e-cigarettes are more effective tools to quit smoking than the nicotine patch or 
drugs like Wellbutrin. 
 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. There are no long-term studies on whether e-cigarettes are effective in helping 
smokers quit, according to the report requested by the Food and Drug Administration.  
 
“The limited data make regulation tricky,” said FDA Commissioner Scott Gottlieb. 
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B3.  Condition 3: Combined (Conflict and Limited Evidence) Messages 
Stimulus Instance 1 
Science panel cites mixed evidence as debate swirls on e-cigarettes 
It's one of the most intensely debated questions raging in drug abuse research: the long-
term impact of e-cigarettes and how they should be regulated. Are they really an effective 
way to quit smoking? Does "vaping" introduce health issues all its own, unrelated to 
tobacco? Science and public policy have bounced back and forth for over a decade, as 
different studies produce different—and sometimes contradictory—results.  
E-cigarettes—the electronic devices that allow people to "vape" nicotine-laced vapor
instead of combustible, tobacco-based products—have been the subject of polarized
science ever since they gained popularity in 2006. For proponents of the technology, e-
cigarettes represent a free-market solution to tobacco addiction, offering smokers an
effective way to consume nicotine while giving up the nasty chemicals in tobacco
products. For critics, though, e-cigarettes are just a stepping stone to tobacco use.
The current answer to the heated debate is unsatisfying: We need more evidence to 
clearly say who's right. 
A committee of experts convened by the National Academies of Sciences, Engineering, 
and Medicine sought to end the disagreement. Commissioned by the U.S. Food & Drug 
Administration, the committee found about 800 studies to review and cited gaps in 
knowledge about e-cigarettes and health.  
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. The experts noted there is no conclusive or substantial scientific evidence of the 
devices' addictive potential or their effects on the heart, lungs or on reproduction.  
“In the larger scheme of things, e-cigarettes could be good, bad or neutral,” Neal Doran, a 
psychologist and psychiatry professor at the University of California, San Diego School 
of Medicine, said. “I don’t think we know the answers yet. This is one of the ways in 
which they could be bad – by people increasing their cigarette use if they’re using both.” 
“There’s this Wild West atmosphere with e-cigarettes, and there’s a lot of controversy 
and disagreement about whether they’re good or bad,” Doran said.  “If they’re harmless, 
and they help people quit, then they’re great. If they make it harder to quit and also 
encourage people to smoke cigarettes who would not have smoked otherwise, then 
they’re terrible,” he said. “The truth probably lies in the middle, but where exactly is the 
key question.” 
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Committee member Adam Leventhal, health behavior researcher at the University of 
South California, said follow-up studies are needed to determine if e-cigarettes are 
effective for quitting smoking. 
As for steps forward in the wake of the report, committee chairman David Eaton, dean of 
the graduate school of the University of Washington, called for more research on how e-
cigarettes work and better studies of whether e-cigarettes help people quit smoking. “The 
committee's work provides a template to future evaluations of evidence,” Eaton said. 
“There's a lot left to be learned, but we don't think it's an intractable problem.” 
Stimulus Instance 2 
Science panel cites mixed evidence as debate swirls on e-cigarettes 
It's one of the most intensely debated questions in drug abuse research, but the current 
answer is unsatisfying: We need more evidence to clearly say who's right. 
For a decade, scientists have debated the safety of e- cigarettes: Are they safer than 
tobacco? Can they help people quit smoking? A committee of experts convened by the 
National Academies of Sciences, Engineering, and Medicine sought to end the 
disagreement. Commissioned by the U.S. Food & Drug Administration, the committee 
found about 800 studies to review and cited gaps in knowledge about e-cigarettes and 
health.  
The report had something for everyone in the e-cigarette debate to love. And hate. 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. It ranked the quality of evidence in the research from “conclusive” - controlled 
studies of high quality, with no contradictory findings - to “substantial” - several findings 
from observational studies with few or no credible opposing findings - to areas where 
evidence was unavailable.  
The experts stopped short of declaring that e-cigarettes are safe, noting there is no 
conclusive or substantial scientific evidence of the devices' addictive potential or their 
effects on the heart, lungs or on reproduction. Though smokers have been turning to e-
cigarettes since they came on the market in 2007 as a healthier alternative to smoking 
tobacco, little is known about the long-term effects of the practice known as “vaping.” 
Committee member Adam Leventhal, health behavior researcher at the University of 
South California, said follow-up studies are needed to determine if e-cigarettes are 
effective for quitting smoking. 
“In the larger scheme of things, e-cigarettes could be good, bad or neutral,” Neal Doran, a 




of Medicine, said. “I don’t think we know the answers yet. This is one of the ways in 
which they could be bad – by people increasing their cigarette use if they’re using both.” 
 
“There’s this Wild West atmosphere with e-cigarettes, and there’s a lot of controversy 
and disagreement about whether they’re good or bad,” Doran said.  “If they’re harmless, 
and they help people quit, then they’re great. If they make it harder to quit and also 
encourage people to smoke cigarettes who would not have smoked otherwise, then 
they’re terrible. The truth probably lies in the middle, but where exactly is the key 
question.” 
 
Stimulus Instance 3 
Science panel cites dangers as debate swirls on the great mystery of e-cigarettes  
 
Vaping's potential benefit or harm is fiercely debated. E-cigarette advocates say it 
provides an exit for millions of cigarette smokers who haven't been able to kick the habit 
any other way. Detractors say vaping introduces a new health risk of unknown 
proportions. Science and public policy have bounced back and forth for over a decade, as 
different studies produce different—and sometimes contradictory—results. The current 
answer is unsatisfying: We need more evidence to clearly say who's right. 
 
A committee of experts convened by the National Academies of Sciences, Engineering, 
and Medicine and commissioned by the U.S. Food & Drug Administration found about 
800 studies to review and cited gaps in knowledge about e-cigarettes and health. The 
action shakes up the heated debate among public health advocates as to whether e-
cigarettes represent a health risk or not. 
 
The report had something for everyone in the e-cigarette debate to love. And hate.  
 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. It ranked the quality of evidence in the research from “conclusive”—controlled 
studies of high quality, with no contradictory findings—to “substantial”—several 
findings from observational studies with few or no opposing findings—to areas where 
evidence was unavailable.  
 
The experts stopped short of declaring that e-cigarettes are safe or risky, noting there is 
no conclusive or substantial scientific evidence of the devices’ addictive potential or their 
effects on the heart, lungs or on reproduction. Though smokers have been turning to e-
cigarettes since they came on the market in 2007 as an alternative to smoking tobacco, 
little is known about the long-term effects of the practice known as “vaping.” 
 
Committee member Adam Leventhal, health behavior researcher at the University of 
South California, said follow-up studies are needed to determine if e-cigarettes are 
effective for quitting smoking. 
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“In the larger scheme of things, e-cigarettes could be good, bad or neutral,” Neal Doran, a 
psychologist and psychiatry professor at the University of California, San Diego School 
of Medicine, said. “I don’t think we know the answers yet. This is one of the ways in 
which they could be bad—by people increasing their cigarette use if they’re using both.” 
“There’s this Wild West atmosphere with e-cigarettes, and there’s a lot of controversy 
and disagreement about whether they’re good or bad,” Doran said.  “If they’re harmless, 
and they help people quit, then they’re great. If they make it harder to quit and also 
encourage people to smoke cigarettes who would not have smoked otherwise, then 
they’re terrible. The truth probably lies in the middle, but where exactly is the key 
question.” 
Stimulus Instance 4 
Science panel cites dangers as debate swirls on the great mystery of e-cigarettes 
Vaping's potential benefit or harm is fiercely debated. E-cigarette advocates say it 
provides an exit for millions of cigarette smokers who haven't been able to kick the habit 
any other way. Detractors say vaping introduces a dangerous new health risk of unknown 
proportions. The current answer is amidst the disagreement is unsatisfying: We need 
more evidence to clearly say who's right. 
In a report commissioned by the U.S. Food & Drug Administration, a committee of 
experts convened by the National Academies of Sciences, Engineering, and Medicine 
found about 800 studies to review and cited gaps in knowledge about e-cigarettes and 
health. 
In the end, the experts stopped short of declaring that e-cigarettes are safe or risky, noting 
there is no conclusive or substantial scientific evidence of the devices' addictive potential 
or their effects on the heart, lungs or on reproduction. Though smokers have been turning 
to e-cigarettes since they came on the market in 2007 as an alternative to smoking 
tobacco, little is known about the long-term effects of the practice known as “vaping.” 
Committee member Adam Leventhal, health behavior researcher at the University of 
South California, said follow-up studies are needed to determine if e-cigarettes are 
effective for quitting smoking. 
“There’s this Wild West atmosphere with e-cigarettes, and there’s a lot of controversy 
and disagreement about whether they’re good or bad,” Neal Doran, a psychologist and 
psychiatry professor at the University of California, San Diego School of Medicine, said.  
“If they’re harmless, and they help people quit, then they’re great. If they make it harder 
to quit and also encourage people to smoke cigarettes who would not have smoked 
otherwise, then they’re terrible. The truth probably lies in the middle, but where exactly 




Stimulus Instance 5 
Science panel cites dangers as debate swirls on e-cigarettes 
 
It's one of the most intensely debated questions raging in drug abuse research: the long-
term impact of e-cigarettes and how they should be regulated. Are they really an effective 
way to quit smoking? Does “vaping” introduce health issues all its own, unrelated to 
tobacco? Science and public policy have bounced back and forth for over a decade, as 
different studies produce different—and sometimes contradictory—results.  
 
The current answer amidst the disagreement is unsatisfying: We need more evidence to 
say who's right. 
 
A report by committee of experts convened by the National Academies of Sciences, 
Engineering, and Medicine sought to end the disagreement. Commissioned by the U.S. 
Food & Drug Administration, the committee found about 800 studies to review and cited 
gaps in knowledge about e-cigarettes and health.  
 
In the end, the committee said it could not declare that e-cigarettes are either beneficial or 
harmful. The experts noted there is no conclusive or substantial scientific evidence of the 
devices’ addictive potential or any harms or negative effects to the heart, lungs, or on 
reproduction.  
 
“There’s this Wild West atmosphere with e-cigarettes, and there’s a lot of controversy 
and disagreement about whether they’re good or bad,” Doran said.  “If they’re harmless, 
and they help people quit, then they’re great. If they make it harder to quit and also 
encourage people to smoke cigarettes who would not have smoked otherwise, then 
they’re terrible,” he said. “The truth probably lies in the middle, but where exactly is the 
key question.” 
 
Committee chairman David Eaton, dean of the graduate school of the University of 
Washington, called for more research on how e-cigarettes work and randomized, 
controlled trials of e-cigarettes for quitting smoking. 
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B4. Condition 4: Control Messages 
Stimulus Instance 1 
What are e-cigarettes? 
You walk down the street and smell a sweet aroma, but it’s not coming from a bakery or 
candy store. Instead, the scent is coming from a small electronic device in the hand of a 
person passing by. It may look like a pen, a USB stick, or a regular cigarette. What are 
these devices, and how do they work? 
Electronic cigarettes (also called e-cigarettes or e-cigs), vapes, vaporizers and hookah 
pens are among the terms used to describe electronic nicotine delivery systems. E-
cigarettes can come in many shapes and sizes; some are made to look like regular 
cigarettes, while others are larger devices such as tank systems or “mods.” Vape pens are 
larger, produce bigger clouds of vapor and look less like traditional cigarettes than other 
e-cigarettes. Some e-cigarettes are made to look like regular cigarettes, cigars, or pipes.
Some resemble pens, USB sticks or other everyday items.
While there may be many names for these electronic nicotine delivery systems, most 
have a battery, a heating element, and a place to hold a liquid. That liquid is often called 
“e-liquid” or “e-juice” and may contain nicotine—the addictive drug in regular cigarettes, 
cigars, and other tobacco products—as well as flavorings and other ingredients. While 
not all e- cigarette products contain nicotine, those that do can contain varying levels.  
Besides nicotine, e-juice can be composed of propylene glycol, glycerin, and flavorings, 
according to the US Centers for Disease Control and Prevention (CDC). Sometimes these 
flavorings include fruit, mint or chocolate. 
E- cigarettes generally vaporize the e-juice by drawing the liquid from a miniature tank
through a battery-powered heating element, often a coil. The liquid is vaporized and then
condenses in the device to form a mist that is inhaled through a filter. Inhaling the vapor
is known as “vaping.” Unless the solution is flavored—which, in most cases, it is—there
is no odor.
The resulting vapor is much less offensive than traditional smoke to many than 
traditional—both smokers and non-smokers. In fact, many e-cigarette users do not call 
themselves smokers, preferring to use the term “vapers” instead. A study from San Diego 
State University researchers found that many people are using e- cigarettes for social 
reasons. Those vapers aren’t alone: 1 in 7 U.S. adults have tried electronic cigarettes. 
That means an estimated 33 million adults have tried e-cigarettes, said University of Iowa 
researcher Dr. Wei Bao, the lead author. 
Even though it may seem like e-cigarettes only became common very recently, e-
cigarettes have been sold in the U.S. for more than a decade, since at least 2007. In fact, 
e-cigarettes and similar vaping devices have grown into a $4 billion-dollar U.S. industry
161 
with thousands of varieties of flavors and customizable products available in specialty 
shops and online. 
The Food and Drug Administration is mulling over how to regulate them, and earlier this 
year, a national panel of experts at the National Academies of Science, Engineering, and 
Medicine issued a report to help with those regulation decisions. 
Stimulus Instance 2 
E-cigarettes: Alternative to smoking
E-cigarettes come in many shapes and sizes and are known by many different names.
They are sometimes called e-cigs, e-hookahs, mods, vape pens, vapes, tank systems, and
electronic nicotine delivery systems, or ENDS.
Some e-cigarettes are made to look like regular cigarettes, cigars, or pipes. Some 
resemble pens, USB sticks or other everyday items. Most have a battery, a heating 
element, and a place to hold a liquid. Unless the solution is flavored—which, in most 
cases, it is—there is no odor. 
E-cigarettes normally work by allowing users to draw a flavored liquid containing
nicotine from a miniature tank through a battery-powered heating element, often a coil.
The liquid is vaporized and then condenses in the device to form a mist that is inhaled
through a filter. Vaping is inhaling the aerosol, commonly called vapor, produced by
electronic cigarettes to simulate the act of smoking tobacco.
Vaping allows users to ingest nicotine and enjoy the look and feel of tobacco-smoking, 
but without some of the extreme health risks of cigarettes.  Since being sold in the U.S. 
starting in 2007, e-cigarettes and similar vaping devices have grown into a $4 billion-
dollar U.S. industry with thousands of varieties of flavors and customizable products 
available in specialty shops and online. 
The Food and Drug Administration is mulling how to regulate e-cigarettes, and earlier 
this year, a national panel of experts from the National Academies of Sciences, 
Engineering, and Medicine said vaping may help folks reduce smoking but that more 
research is needed.  E-cigarettes are generally considered a less dangerous alternative to 
regular cigarettes. 
Stimulus Instance 3 
What are e-cigarettes? 
Electronic cigarettes (also called e-cigarettes or e-cigs), vapes, vaporizers and hookah 
pens are among the terms used to describe electronic nicotine delivery systems. E-
cigarettes can come in many shapes and sizes; some are made to look like regular 
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cigarettes, while others are larger devices such as tank systems or “mods.” Vape pens are 
larger, produce bigger clouds of vapor and look less like traditional cigarettes than other 
e-cigarettes. Some e-cigarettes are made to look like regular cigarettes, cigars, or pipes.
Some resemble pens, USB sticks or other everyday items.
E-cigarettes work by heating a pure liquid called e-juice—composed of flavorings,
propylene glycol, glycerin and often nicotine—until it vaporizes. Nicotine is the addictive
drug in regular cigarettes, cigars, and other tobacco products. While not all e- cigarette
products contain nicotine, those that do can contain varying levels. The resulting vapor is
much less offensive to both smokers and non-smokers, and some studies have shown that
it helps smokers quit. In fact, many e-cigarette users don't call themselves smokers,
preferring to use the term “vapers” instead.
A study from San Diego State University researchers found that many people are using e- 
cigarettes for social reasons. Those vapers aren’t alone: 1 in 7 U.S. adults have tried 
electronic cigarettes. That means an estimated 33 million adults have tried e-cigarettes, 
said University of Iowa researcher Dr. Wei Bao, the lead author. 
Even though it may seem like e-cigarettes only became common very recently, e-
cigarettes have been sold in the U.S. for more than a decade, since at least 2007. In fact, 
e-cigarettes and similar vaping devices have grown into a $4 billion-dollar U.S. industry
with thousands of varieties of flavors and customizable products available in specialty
shops and online.
The Food and Drug Administration is mulling over how to regulate them, and earlier this 
year, a national panel of experts at the National Academies of Science, Engineering, and 
Medicine issued a report to help with those regulation decisions. 
Stimulus Instance 4 
E-cigarettes: Alternative to smoking
You walk down the street and smell a sweet aroma, but it’s not coming from a bakery or 
candy store. Instead, the scent is coming from a small electronic device in the hand of a 
person passing by. It may look like a pen, a USB stick, or a regular cigarette. What are 
these devices, and how do they work? 
E-cigarettes come in many shapes and sizes and are known by many different names.
They are sometimes called e-cigs, e-hookahs, mods, vape pens, vapes, tank systems, and
electronic nicotine delivery systems, or ENDS. Some e-cigarettes are made to look like
regular cigarettes, cigars, or pipes. Some resemble pens, USB sticks or other everyday
items.
Most have a battery, a heating element, and a place to hold a liquid. That liquid is often 




cigarettes, cigars, and other tobacco products—as well as flavorings and other 
ingredients. While not all e- cigarette products contain nicotine, those that do can contain 
varying levels.  Besides nicotine, e-juice can be composed of propylene glycol, glycerin, 
and flavorings, according to the US Centers for Disease Control and Prevention (CDC). 
Sometimes these flavorings include fruit, mint or chocolate. 
 
E- cigarettes generally vaporize the e-juice by drawing the liquid from a miniature tank 
through a battery-powered heating element, often a coil. The liquid is vaporized and then 
condenses in the device to form a mist that is inhaled through a filter. Inhaling the vapor 
is known as “vaping.” Unless the solution is flavored—which, in most cases, it is—there 
is no odor. 
 
Even though it may seem like e-cigarettes only became common very recently, e-
cigarettes have been sold in the U.S. for more than a decade, since at least 2007. In fact, 
e-cigarettes and similar vaping devices have grown into a $4 billion-dollar U.S. industry 
with thousands of varieties of flavors and customizable products available in specialty 
shops and online. 
 
Many e-cigarette users do not call themselves smokers, preferring to use the term 
“vapers” instead. A study from San Diego State University researchers found that many 
people are using e- cigarettes for social reasons. Those vapers aren’t alone: 1 in 7 U.S. 
adults have tried electronic cigarettes. That means an estimated 33 million adults have 
tried e-cigarettes, said University of Iowa researcher Dr. Wei Bao, the lead author. 
 
Stimulus Instance 5 
E-cigarettes: Alternative to smoking 
 
E-cigarettes come in many shapes and sizes and are known by many different names. 
They are sometimes called e-cigs, e-hookahs, mods, vape pens, vapes, tank systems, and 
electronic nicotine delivery systems, or ENDS.  
 
Some e-cigarettes are made to look like regular cigarettes, cigars, or pipes. Some 
resemble pens, USB sticks or other everyday items. Most have a battery, a heating 
element, and a place to hold a liquid. Unless the solution is flavored—which, in most 
cases, it is—there is no odor. 
 
E- cigarettes normally work by allowing users to draw a flavored liquid containing 
nicotine from a miniature tank through a battery-powered heating element, often a coil. 
The liquid is vaporized and then condenses in the device to form a mist that is inhaled 
through a filter. Vaping is inhaling the aerosol, commonly called vapor, produced by 
electronic cigarettes to simulate the act of smoking tobacco. 
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Vaping allows users to ingest nicotine and enjoy the look and feel of tobacco-smoking, 
but without some of the extreme health risks of cigarettes.  In fact, many e-cigarette users 
do not call themselves smokers, preferring to use the term “vapers” instead.  
A study from San Diego State University researchers found that many people are using e- 
cigarettes for social reasons. Those vapers aren’t alone: 1 in 7 U.S. adults have tried 
electronic cigarettes. That means an estimated 33 million adults have tried e-cigarettes, 
said University of Iowa researcher Dr. Wei Bao, the lead author. 
The Food and Drug Administration is mulling how to regulate e-cigarettes. Earlier this 
year, a national panel of experts convened by the National Academies of Sciences, 
Engineering, and Medicine issued a report to help with those regulation decisions. 
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Appendix C 
This Appendix details additional analysis from Study 2 (Chapter 3). Included here 
are analyses of scale reliabilities for intended and unintended message features in the 
absolute judgment outcomes (p. 165), hypothesis tests using controls for non-narrative 
engagement and current e-cigarette use (p. 168), as well as the results of the secondary 
comparative judgment task (p. 170). 
Analyses of Scales from Study 2 
Study 2 piloted two new scales and adapted two existing scales for the main 
outcomes of stimuli: perceived expert disagreement and uncertainty (Dieckmann, 
Johnson, et al., 2017). In this appendix, I include scale reliabilities for main outcomes 
(Table 23) and correlations between main outcome scales (Table 24). 


































No. items 3 5 5 4 
Cronbach’s 
alpha 
0.87 0.91 0.93 0.9 
Mean (SD) 3.06 (1.08) 3.72 (1.06) 2.08 (0.92) 2.73 (0.88) 




























0.49*** -0.16*** -- 
Uncertainty 
(piloted) 
0.06 0.61*** .04 -- 
Note. * p < .05, ** p < .01, *** p < .001 
Adapted and piloted scales are significantly positively correlated within concepts 
of expert disagreement and expert uncertainty, as expected. Between concepts, scales 
have zero correlation or slight negative correlation, also as expected. 
Next I turn to scale reliabilities for unintended message features (Table 25). These 
scales have been validated in previous research and are used here to measure other 
differences between stimuli and conditions on features not intentionally manipulated: 
non-narrative engagement, informativeness, memorability, argument strength (Zhao et 
al., 2011), and negative emotions. 
















No. items 8 10 4 2 8 
Cronbach’s 
alpha 













Scale reliability for unintended message features suggests all measures but 




memorability and informativeness—measured on the same scale as non-narrative 
engagement—scale excellently with the larger scale. Subsequent analysis includes 
memorability and informativeness in the engagement scale, as these which also align 
conceptually with items within engagement while capturing closely related constructs not 
otherwise included in this measure. In the next two tables, I evaluate issues with the inter-
item correlation for argument strength, both before and after normalization (where the 
fourth and fifth items are subtracted in accordance with the previous literature) (Zhao et 
al., 2011). 
Table 26: Correlation of argument strength items 
 AS_1 AS_2 AS_3 AS_4 AS_5 
AS_1 --     
AS_2 0.46*** --    
AS_3 0.28*** 0.39*** --   
AS_4 0.14** 0.25*** 0.39*** --  
AS_5 0.06 0.22*** 0.13** 0.01 -- 
Note. * p < .05, ** p < .01, *** p < .001 
 
Table 27: Correlation of normalized argument strength items 
 AS_1 AS_2 AS_3 AS_4-AS_5 
AS_1 --    
AS_2 0.46*** --   
AS_3 0.28*** 0.39*** --  
AS_4-AS_5 0.06 0.03 0.18*** -- 
Note. * p < .05, ** p < .01, *** p < .001 
 
In subsequent analysis of argument strength included in Study 2, Argument 
Strength proceeds with 2-item index (AS_1 and AS_2). 
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Study 2 Analyses Controls 
Analyses controlling for non-narrative engagement. 
Analyses in this section controls for significant unplanned differences in non-
narrative engagement by condition. These results do not qualitatively differ from those 
not controlling for differences across conditions on non-narrative engagement, so results 
in the main body proceed without these controls. 
Table 28: Effect of controlling for non-narrative engagement on conditional means (SE) 
of perceived expert disagreement (adapted) 
No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p = .008) 
c H1: conflict > limited evidence and control (p < .001) 
Table 29: Effect of controlling for non-narrative engagement on conditional means (SE) 
of describing experts’ disagreement scale (piloted) 
No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p < .001) 
c H1: conflict > limited evidence and control (p < .001) 
Table 30: Effect of controlling for non-narrative engagement on conditional means (SE) 
of perceived expert willingness to admit uncertainty (adapted) 
No conflict message Conflict message 













Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control 
H3b: combined (conflict & limited evidence) > control (p < .001) 
 
Table 31: Effect of controlling for non-narrative engagement on conditional means (SE) 
of describing experts’ uncertainty scale (piloted) 
 No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control (p < .001) 
H3b: combined (conflict & limited evidence) > control (p < .001) 
 
Analyses controlling for current e-cigarette use. 
Analyses in this section controls for significant unplanned differences in current 
e-cigarette use by condition. These results do not qualitatively differ from those not 
controlling for differences across conditions on current e-cigarette use in the sample, so 
results in the main body proceed without these controls. 
Table 32: Effect of controlling for current e-cigarette use (dummy) on conditional means 
of perceived expert disagreement (adapted) 
 No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p = .008) 
c H1: conflict > limited evidence and control (p < .001) 
 
Table 33: Effect of controlling for current e-cigarette use (dummy) on conditional means 
of describing experts’ disagreement (piloted) 
 No conflict message Conflict message 
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Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b < c 
b H3a: combined (conflict & limited evidence) > control (p < .001) 
c H1: conflict > limited evidence and control (p < .001) 
Table 34: Effect of controlling for current e-cigarette use (dummy) on conditional means 
of perceived expert willingness to admit uncertainty (adapted) 
No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control (p < .001) 
H3b: combined (conflict & limited evidence) > control (p < .001) 
Table 35: Effect of controlling for current e-cigarette use (dummy) on conditional means 
of describing experts’ uncertainty (piloted) 
No conflict message Conflict message 










Note. Shared superscripts denote no significant difference between coefficients in 
planned contrasts in hypothesized directions, a < b 
b H2: limited evidence > conflict and control (p < .001) 
H3b: combined (conflict & limited evidence) > control (p < .001) 
Study 2 Comparative Judgments Results 
After exposure to an initial message, participants were randomly exposed to a 
message from one of the other three conditions. Participants then conducted a set of 
comparative evaluations, where they selected in which of the two articles the experts a) 
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disagreed more and b) admitted the most uncertainty. For each pair of conditions a 
participant could have been exposed to (out of twelve), I indicate whether the first or 
second article was hypothesized to be ranked higher on the comparative judgment (or 
indicate no difference was hypothesized) by denoting the cell with an x. I conducted chi-
square tests to determine if the proportion of judgments were different for each pair in 
accordance with my hypotheses. Any differences observed that run against hypotheses 
are noted with bold text in the first column. 




H1, H3a: Article 1 
higher in expert 
disagreement 
H2, H3b: Article 2 
higher in expert 
disagreement 
No hypothesis in 
pairing 
1: Conflict, LE 
(n=41) 
x 
2=17.78, p <.001 
2: Conflict, Hybrid 
(n=37) 
2=11.92, p <.001 x 
3: Conflict, Control 
(n=37) 
x 
2=22.73, p <.001 
4: LE, Conflict 
(n=31) 
x 
2=9.32, p <.01 
5: LE, Hybrid 
(n=35) 
x 
2=10.31, p <.01 
6: LE, Control 
(n=45) 
2=11.76, p <.001 x 
7: Hybrid, Conflict 
(n=38) 
2=14.30, p <.001 x 
8: Hybrid, LE 
(n=42) 
x 
2=2.38, p =.123 
9: Hybrid, Control 
(n=33) 
x 





2=27.52, p <.001 
11: Control, LE 
(n=39) 
2=6.74, p <.01 x 
12: Control, Hybrid 
(n=40) 
x 
2=22.50, p <.001 
172 
Table 37: Hypothesized proportions tests for ranking expert uncertainty 
First exposure, 
second exposure 
H: Article 1 higher 
in expert 
uncertainty 




1: Conflict, LE 
(n=41) 
x 
2=10.76, p <.01 
2: Conflict, Hybrid 
(n=37) 
x 
2=16.89, p <.001 
3: Conflict, Control 
(n=37) 
2=16.89, p <.001 x 
4: LE, Conflict 
(n=31) 
x 
2=11.65, p <.001 
5: LE, Hybrid 
(n=35) 
2=3.46, p =.063 x 
6: LE, Control 
(n=45) 
x 
2=30.42, p <.001 
7: Hybrid, Conflict 
(n=38) 
x 
2=14.30, p <.001 
8: Hybrid, LE 
(n=42) 
2=3.43, p =.064 x 
9: Hybrid, Control 
(n=33) 
x 




2=6.10, p <.05 x 
11: Control, LE 
(n=39) 
x 
2=23.68, p <.001 
12: Control, Hybrid 
(n=40) 
x 
2=28.90, p <.001 
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Appendix D 


















































































































































































Table 39: Study 3 variation of outcomes by messages within conditions, N=765. 
Range of means within conditions 






















3.89 – 4.34 3.82 – 4.27 3.89 – 4.18 4.04 – 4.29 
Intentions to eat 
fruits and 
vegetables 
3.21 – 3.67 3.28 – 3.61 3.07 – 3.47 2.96 – 3.48 
Intentions to 
exercise 
3.30 – 4.09 * 3.37 – 3.77 3.36 – 3.83 3.08 – 3.63 
Intentions to limit 
alcohol 
consumption 
3.58 – 3.97 3.70 – 4.07 3.53 – 3.94 3.77 – 4.06 
Intentions to limit 
sun exposure 
3.62 – 4.21 3.70 – 4.07 3.48 – 3.97 3.69 – 4.00 
Intentions to try 
vaping (never 
vapers) 
1.10 – 1.69 1.00 – 1.50 1.00 – 1.50 1.18 – 1.53 




1.83 – 3.41 * 2.63 – 3.69 1.93 – 3.36 * 
(1 vs. 5) 




(current smokers)  
2.08 – 2.77 2.44 – 3.23 1.80 – 2.87 2.28 – 3.25 
Intentions to stop 
vaping (current 
vapers) 
3.46 – 4.00 3.32 – 3.78 3.15 – 3.58 2.50 – 3.86 * 
(1 vs. 5, 4 vs. 
5) 
Believe MRTP 
claims about snus 
1.68 – 2.58 * 
(1 vs. 3) 
1.93 – 2.88 * 
(3 vs. 4, 3 vs. 
5) 
2.13 – 2.57 2.00 – 2.31 
Intentions to try 
snus if MRTP 
1.23 – 2.35 * 
(2 vs. 3, 2 vs. 
4) 
1.39 – 2.28 * 1.43 – 2.09 1.54 – 1.96 
Believe MRTP 
claims about IQOS 
1.933 – 2.76 3.69 – 4.09 2.16 – 2.78 1.39 – 2.62 
Intentions to try 
IQOS if MRTP 
1.33 – 2.41 * 
(2 vs. 4) 
1.81 – 2.67 1.67 – 2.21 2.00 – 2.69 
Recommendation 
overload 












3.02 – 3.64 3.06 – 3.38 2.80 – 3.50 3.05 – 3.52 
Confusion 1.67 – 1.97 1.63 – 2.03 1.67 – 2.07 1.76 – 2.21 
Cynical beliefs 3.64 – 4.12 3.78 – 4.18 3.51 – 4.06 3.54 – 4.03 
Note. This table only includes conditions for which participants evaluated a message 
(omits no-message control). Rows denote outcome variables, columns denote conditions, 
and cells contain the range of means on outcomes across the five messages within each 
condition. Cells with asterisks note the results of an F test conclude the means differ 
significantly (p < .05) across messages within condition. Cells in bold note a significant 
post hoc comparison between particular messages within that condition on that outcome, 
with the messages that differ noted as they correspond to the stimuli in Appendix B (e.g., 
1 vs. 5).  


















































































































































































Intentions to try 




























Intentions to try 































































































Note. All F values for one-way ANOVA test with 760 df, unless noted with asterisk (*) 




This appendix includes the questionnaire used in Study 3 (Chapters 4 and 5). 
Eligibility 
[Screen out if: 
Smoker = 0 
OR 
Age < 25 
OR 
Education quota = MET] 
NEW PAGE 
E-cigarette moderators + Attention check
Age How old are you? (Please type in your 
answer) 
[number box, range 1-99] 
Smoker Have you smoked at least 100 cigarettes 





Do you now smoke cigarettes every day, 
some days, or not at all? 
Not at all 
Some days 
Every day 
Education What is the highest level of school you 
completed or the highest degree you 
received? 
Less than high school 
High school degree (Grade 12 
or GED) 
Vocational training or some 
college 
Bachelor’s degree or higher 
E-cigarettes (also known as vape pens, among other terms) are battery-powered
devices that use liquids that may contain nicotine and/or other ingredients. The liquid is






Ever vaping Have you ever vaped or used e-cigarettes, even 
one puff? 
I have never tried 
them 
I have tried them, 







Condition High disagreement, low uncertainty 
Low disagreement, high uncertainty 
High disagreement, high uncertainty 
Low disagreement, low uncertainty control 
No-message control 
[If Cond=5, skip to Outcomes] 
NEW PAGE 
Exposure_intro On the next page, you'll read a recent news article about e-
cigarettes. 
Please read the article carefully. 
When you are finished reading the article carefully, please go 
to the next page. 
It is necessary to read the article carefully and completely 
so you can answer questions about it. 
If you are ready to read the article, please go to the next page 
now. 
NEW PAGE 
I used them at 
least once in the 




(only for Ever 
vaping = 1 or 2) 
Do you now vape or use 
e-cigarettes every day,
some days, or not at all?





Vap_Freq [if Ever_vap = 2] 
During the past 30 days, 
on how many days did 




Attention check Attn_check You are being asked to 
do an attention check. 
Please select “Not at all” 




[Exposure to 1 Candidate Message] 
Timer for 
exposure 
Expos_timer Timer for length of time participant is reading article 





Which of the 5 candidate 
messages participants are 







LE Which of the 5 candidate 
messages participants are 







HYB Which of the 5 candidate 
messages participants are 







CONTROL Which of the 5 candidate 
messages participants are 









Credibility of health 
experts  
* = reverse coded
[randomized
order]
Please tell us how strongly you agree with each of the following 
statements. 
Experts who make health recommendations are influenced by… 












2 … concern for the public 
interest. 
3* … their desire to advance 
their own careers. 








There has been a lot of advice about how to reduce one’s cancer 
risk.  
In your opinion, how much do experts agree that these behaviors 
reduce one’s cancer risk? 
1 Eating five or more servings 















2 Exercising at least three times 
a week 
3 Limiting the alcohol one 
drinks (up to 1 drink per day 
for women and up to 2 drinks 
per day for men) 
4 Limiting unprotected exposure 
to the sun (for example, by 
using sunblock SPF 30+, 









How likely is it that you will do each of these behaviors most of 
the time in the next year? 
Nutrition Eat five or more servings of 









Exercise Exercise at least three times a 
week 
Alcohol Limit the alcohol you drink 
(up to 1 drink per day for 
women and up to 2 drinks per 
day for men) 
Sun Limit unprotected exposure to 
the sun (for example, by using 
sunblock SPF 30+, wearing 
protective clothing, etc.) 
NEW PAGE x 4 
Measures here are randomized, rotated, 1 scale per page 
Confusion 
* = reverse coded
Please tell us how strongly you agree with each of the following 
statements. 
1* E-cigarette research findings







2* I have the knowledge I need 
about tobacco products 
(regular cigarettes, e-
cigarettes, etc.) to stay healthy. 
181 
3* I understand experts’ 
recommendations about the 







1 It has gotten to the point where 
I don’t even care to hear new 
information about e-cigarettes. 
2 Information about e-cigarettes 
all starts to sound the same 
after a while. 
3 I forget most information 
about e-cigarettes right after I 
hear it. 
4 I am tired of hearing about 
what tobacco products (regular 
cigarettes, e-cigarettes, etc.) I 
should or should not use. 
Recommendation 
overload 
1 There are so many different 
recommendations about using 
e-cigarettes, it’s hard to know
which ones to follow.
2 There is not enough time to 
know all of the things 
recommended about e-
cigarettes. 
3 No one could actually know 
all of the e-cigarette 
recommendations that are 
given. 
Cynical beliefs 1 E-cigarettes are just another
way to keep people addicted to
nicotine.
2 E-cigarettes hook kids on
nicotine more than they cause
smokers to quit their tobacco
addiction.
3 E-cigarettes have been
designed so that manufacturers







How likely is it that you will use 
















How likely is it that you will use 
an e-cigarette to help you quit 




How likely is it that you will 
switch completely to e-cigarettes 
in the next year? 
(only current 
vapers) 
How likely is it that you will 
stop using e-cigarettes 
completely in the next year? 
NEW PAGE 
MRTP beliefs and 
intentions 
Next, we want to ask you about your beliefs and intentions to try 
two tobacco products that experts at the FDA are currently 
evaluating. 
First, we want to ask you about a product called 
Camel Snus.  
Camel Snus is an oral smokeless tobacco that 
delivers nicotine through the user’s gums. 
If experts at the FDA conclude that smokers who 
switch completely to Camel Snus smokeless 
tobacco reduce their risk of lung cancer, oral 
cancer, respiratory disease, and heart disease, 










likely Snus belief 1 … believe that the risks are 
really reduced? 
Snus belief 2 … believe that all the risks 
still haven’t been uncovered? 
Snus intention 1 … try Camel Snus? 
Snus intention 2 … still wait to try Camel 
Snus until there’s a lot more 
information? 
NEW PAGE 
Next, we want to ask you about a product called 
IQOS. 
IQOS is a tobacco product that heats but does 
not burn tobacco. 
If experts at the FDA conclude that smokers who 
switch completely to iQOS reduce their risk of 
tobacco-related disease, how likely is it that you 
would… 





Open Response field We care about your thoughts on the articles you just 
read. Please write down any thoughts you would like 
to tell us about in the text box below. When you are 










Other (please specify) [open field] 
Ethnicity Do you identify as Hispanic, 
Latinx, or of Spanish origin? 
No, not of Hispanic, Latinx, or 
Spanish origin 
Yes, Mexican, Mexican American, 
Chicano/a 
Yes, Puerto Rican 
Yes, Cuban 
Yes, another Hispanic, Latinx, or 
Spanish origin 
Race What is your race? (One or 
more categories may be 
selected) 
White 
Black or African American 
American Indian or Alaska Native 
Asian 
Native Hawaiian or other Pacific 
Islander 
Other (please specify) [open field] 
Income What was your annual 
household income from all 
sources in 2018? 
Less than $25,000 
Between $25,000 and $49,999 
Between $50,000 and $74,999 
Between $75,000 and $99,999 
IQOS belief 2 … believe that all the risks 
still haven’t been uncovered? 
IQOS intention 1 … try IQOS? 
IQOS intention 2 … still wait to try IQOS 
until there’s a lot more 
information? 
184 
Between $100,000 and $149,999 
$150,000 or more 
Don’t know 
Political Ideology Here is a 7-point scale on 
which the political views that 
people might hold are 
arranged from extremely 
liberal to extremely 
conservative. Where would 
you place yourself on this 
scale, or haven’t you thought 





Middle of the Road 
Conservative 
Extremely conservative 
Don’t know/Haven’t thought about it 
Political Party 
Identification 
Select the political party you 







Electronic cigarettes are also known as e-cigarettes, e-cigs, or vape pens, among 
other terms. They are battery operated products, and many of them combine nicotine, 
which is highly addictive, and/or other chemicals with flavors to produce a vapor that is 
inhaled by the user. 
For more information on the scientific analysis of benefits and risks of electronic 
cigarettes, see more information here [link to: 
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm172906.htm] and here [link to: 
https://www.nap.edu/catalog/24952/public-health-consequences-of-e-cigarettes].  
Please continue to your payment by clicking next. 
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